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For the Accurate Detection and Measurement | 
Beta, ‘Gamma and X-Rays—Use 


 M-°S-A-Beckman Instruments 


MODEL MX-2 RADIATION METER 


Equipped with a beta shield to permit distinction between 
hard ard soft radiation, this accurate instrument insures 
adequate protection for personnel against over-exposure to 
radioactivity in radiological laboratories, medical and dental 
offices, hospitals, educational and research institutions and 
industrial plants engaged in the manufacture or handling 
of radioactive materials or X-Rays. The instrument is also 


used for checking apparatus for radioactive con- 
tamination, and for process control in plants and 
research laboratories requiring high accuracy 
in radiation measurement involving radioactive 
materials. Ask for Bulletin No. 178-A for com- 
plete details. 


lonization chamber detection, sensitive and reliable, prevents “blocking” at high radiation intensities. 
Light weight; simple to operate; completely portable; readable meter scale. 
Wide operating range—five ranges with ample overlapping and full scale readings from 20 to 2000 mr/hr. 


MODEL MX-5 GEIGER COUNTER 


Primarily used for the detection and meas- 
urement of radioactivity of low intensity, 
the Model MX-5 is designed to permit 
differentiation between hard and soft rays. 
Ideal for mineralogical surveys, locating 
isolated radioactive leaks, or lost materials, 
following the course of tracer elements, 
checking apparatus for small amounts of 
radioactive contamination, and in experi- 
mental work. Completely water proof, the 
instrument can be used in humid climates, 
wet weather, aboard ship. Ask for Bulletin 
182-C. 
FEATURES: 


Provisions for connecting magnetic type earphones. 
Three-foot probe for convenient exploration in confined 
area. 


Counting ratemeter circuit requires no zero control, 
reduces needle fluctuation at high sensitivity. 


Light weight; portable; simple to operate. 


MINE SAFETY APPLIANCES CO. 


BRADDOCK, THOMAS AND MEADE STREETS 
PITTSBURGH 8, PA. 

At Your Service: 48 BRANCH OFFICES in the UNITED STATES 
Mine Safety Appliances Co., of Canada Limited 
Toronto, Montreal, Calgary, Winnipeg, Vancouver, New Glasgow, N.S. 
Representatives in Principal Cities in Mexico, Central and South America 
CABLE ADDRESS, “MINSAF” PITTSBURGH 


ALSO AVAILABLE—The Model 102 Dosi- 
meter with 0-200 MR range (self reading 
pocket electroscope for personnel monitor- 
ing) and Model 103 Charging Unit for 
Dosimeter. Model MX-6 for the detection 
and measurement of gamma radiation and 
Bieter MX-3A for beta gamma monitoring. 


Call the M.S.B. Man on your every 
safety problem ...his job is to help you 
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SAFETY EQUIPMENT 
1 


8 to 24 from 
a single dose 


{eer in the file of clinical reports on antihista- 
minics and it will be apparent that one is out- 
standing for prolonged action. It is D1-PaRALENE 
Hydrochloride (Chlorcyclizine Hydrochloride, 
Abbott), a “different” antihistaminic with a pi- 
perazine side chain rather than one of the con- 
ventional types. 

Numerous clinical reports attest to the longer 
lasting allergy relief with Di-ParaLene. In many 
cases relief up to 24 hours can be obtained from a 
single dose. Initially, D1-ParaLEeNne should be ad- 
ministered in 50-mg. doses three times a day for 
the average adult, but in the majority of cases 
this dosage can later be reduced to one or two 
doses a day. One 50-mg. tablet at bedtime often 
provides symptomatic relief through the night. 
Frequently, no additional dosage is required until 
the next bedtime. Undesirable side-effects are 
comparatively few and mild. 

This season try longer-acting D1-PARALENE in 
your allergy cases. Available at prescription 


pharmacies in 50-mg. and 25-mg. 
tablets in bottles of 100 and $00. Abbott 


Abbott's new long-acting 


antihistaminic 


REFERENCES: Spielman, A. D. (1950), 


N. Y. St. J. Med., 50:2297, Oct. 1. Brown, “Di PARALENE aN 
E. A.,et al. (1950), Ann. Allergy, 8:32, Jan.- f 
Feb. Jenkins, C. M. (1950), J. Nat. Med. 
Assn., 42:293, Sept. Cullick, Louis, and ({CHLORCYCLIZINE HYDROCHLORIDE, ABBOTT) 
Ogden, H. D. (1950), South. Med. J., 43:632, 
July. Ehrlich, N. J., and Kaplan, M. A. 
(1950), Ann. Allergy, 8:682, Sept.-Oct. 
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SIGMO!IDOSCOPIC 
VIEW OF RECTUM 


in dysentery due to Shigella paradysenteriae: 


“Six children between the ages of four and six years 
. . . given terramycin. The diarrhea which was 
pronounced in each case stopped within 48 hours 
in the case of four patients and within 72 hours 

in the other two . . . In all cases, the organism 
disappeared from the stool after treatment was 
started and did not reappear.” 


Terramycin “is an effective agent in the chemotherapy 
of ... chronic bacillary dysentery.”* 
1. Dowling, H. F., et al.: Ann. New York Acad, 


Sc. 53:433 (Sept. 15) 1950. 


2. Sayer, R. J., et al.: Am. J. M. Sc. 221:256 
(March) 1951. 


CrysTALuine TERRAMYCIN HYDROCHLORIDE 


available Capsules, Elixir, Oral Drops, Intravenous, 
| Ophthalmic Ointment, Opthalmic Solution. 


ANTIBIOTIC DIVISION CHAS, PFIZER @ CO., INC., Brooklyn 6, N. Y. 
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knowledge on the diseases of industry and for the publication of scientific investigation 
and information in this field. 
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of the Council on Industrial Health of the American Medical Association and the American 
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SIZE OF CUTTINGS PRODUCED BY PNEUMATIC DRILLING WITH 
DIFFERENT KINDS OF DETACHABLE BITS 


CARLTON E. BROWN, Ch.E., Sc.D.(Indust. Hygiene) 
FREDERICK, MD. 


NEUMATIC drilling into siliceous rock is one of the most important mining 

operations producing unhygienic dust and disseminating it into the air of mines. 
Unhygienic siliceous dust is considered in this report to consist of the particles 
smaller than 3 microns (3) in diameter. Larger particles settle from the air so 
rapidly (faster than 1.1 in. [2.75 cm.] per minute) and stop so readily in the upper 
part of the human respiratory system’ that they probably have little hygienic 
importance. The proportion of drill refuse (cuttings) smaller than 3p in diameter is 
very small by weight but very large by number of particles. There is little published 
information on the size of drill cuttings. This report contains data on the size of 
cuttings produced by wet drilling into quartz monzonite with an automatic stoper 
equipped with four kinds of double-taper, center-hole, detachable bits. The size of 
the cuttings was determined by sieving and microscopic measurements. 

The study was a cooperative one between the Anaconda Copper Mining Com- 
pany of Butte, Mont., and the Health Branch of the Bureau of Mines, United States 
Department of the Interior. The drilling was done in the Badger State mine of 
the company at Butte during the early part of 1937. One set of sieving determina- 
tions was made on all six samples of cuttings by Anaconda personnel. Another 
set of sieving determinations was made on four of the six samples, and all the 
microscopic measurements were made, in the Bureau of Mines Health Branch 
laboratory at Pittsburgh. 

QUARTZ MONZONITE 

The quartz monzonite into which the six holes (about 1% in. [3.75 cm.] in diameter and 

5 ft. [1.5 m.] deep) were drilled was a visually homogeneous section at least 25 ft. (7.5 m.) 


long in a drift near the 1,400-ft. level station of the Badger State mine. The holes were drilled 
into an area of about 1 sq. ft. (929 sq. cm.). 


The quartz monzonite of the Butte district, according to Weed,? is a dark rock, uniform in 
color and texture and in kinds, amounts, and distributions of the component minerals. About 
four-fifths of the bulk of the rock consists of pink orthoclase, gray and faintly greenish plagio- 
clase, and clear quartz—all light-colored constituents. The other fifth consists of the following 
dark constituents: black hornblende, in abundant, irregular grains; black biotite (a species of 


Dr. Brown was formerly senior chemist, Health Branch, Bureau of Mines, Pittsburgh. 

From the Central Experiment Station, Bureau of Mines, Pittsburgh. Published with the 
permission of the Anaconda Copper Mining Company. 

1. Brown, J. H.; Cook, K. M.; Ney, F. G., and Hatch, T.: Influence of Particle Size upon 
the Retention of Particulate Matter in the Human Lung, Am. J. Pub. Health 40:450, 1950. 

2. Weed, W. H.: Geology and Ore Deposits of the Butte District, Montana, Professional 
Paper 74, United States Geological Survey, 1912. 
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mica), occurring rarely in grains with crystalline form; magnetite, in scattered grains; brown 
zircon; apatite; pyrite. The mineralogical composition of the Butte quartz monzonite, calculated 
from the composition of average rocks, is given by Weed as: 


Percentage by 
Constituent Weight 
23.70 
22.08 
19.88 
13.15 
11.48 
4.22 
211 
1.18 
0.97 
0.33 
0.06 


TYPE 


Fig. 1—Types of double-taper, center-hole, detachable drill bits used. (From Mosier, M.: 
Progress Report on Investigation of Detachable Rock-Drill Bits, Information Circular 6877, 
United States Department of the Interior, Bureau of Mines, 1936. The diagram of the center 
hole in type A bit is not shown in Mosier’s report.) 


Quartz, or free silica, in both the “through” 4- “on” 8-mesh sieve fraction and the “through” 
325-mesh fraction of the cuttings collected in the present study, was found, by x-ray diffraction,* 


to range from about 20 to 26 per cent, which is in good agreement with the preceding value of 
23.70 per cent reported by Weed. 


3. Ballard, J. W.; Oshry, H. L, and Schrenk, H. H.: Quantitative Analysis by X-Ray 


Diffraction: I. Determination of Quartz, R. I. 3520, United States Department of the Interior, 
Bureau of Mines, 1940. 


: 
90° 34° taper 
7° taper tape 
a HY 14° angular taper 
3* vertical taper 0 75” to 1" honzontal taper i 
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DRILL AND DRILLING 


A 3-in. (7.5 cm.)-bore automatic stoper equipped with an anvil block was used in all drilling. 
A new water needle, % in. (3.2 mm.) in internal diameter and cut so that it did not project past 
the anvil block, was used in the drill. 

Three 18-in. (45.5 cm.) changes of 1-in. (2.5 cm.) quarter-octagon steel were used in the 
drilling of each hole. 

The four kinds of double-taper, center-hole, detachable drill bits used in the drilling of the 
six holes are shown diagrammatically in Figure 1. Type A was used in drilling three holes and 
the other three types in drilling one hole each. All bits except one set of Type A ones were 
sharpened before use. The unsharpened set of Type A bits had been used in drilling one hole 
since being sharpened. The maximum diameter (gage) of the starting bits was 2 in. (5 cm.), 
of the second bits 1% in. (4.7 cm.), and of the third bits 134 in. (4.5 cm.) 

The drill holes were started from flat faces prepared by drilling with a rose bit to a depth 
of less than L.in. (2.5 em.). Such starting faces were used to eliminate complications in the start 
of drilling and to facilitate accurate timing of the drilling. 

Table 1 contains information on the drilling. The drilling rates (Column 13) of Types B, 
C, and D bits were similar (15.3 to 15.6 cu. in., or 250 to 256 cc. per minute) while the 
drilling rates of Type A bits, if one considers the differences in air pressure to the drill, were 
10 per cent faster. The rate for the unsharpened Type A bits was about the same as that for 
the sharp Type A bits used in the drill operated at the same air pressure. The rates for the 
second bits were the fastest in all tests in which measurements were made, and the rates for the 
first bits in two of the three tests were the slowest. The calculated density of the quartz 
monzonite from five of the six holes (Column 11) ranged from 2.62 to 2.67. These values are in 
good agreement with the value of 2.65 widely reported for the density of quartz, the main 
constituent of the quartz monzonite. 


COLLECTION OF CUTTINGS 


The cutting sludge, which contained all the cuttings except a very small portion of the finest 
particles that escaped into the air, was collected from each hole in a separate container. A metal 
cuplike device with an attached hose was used around the drill steel and against the rock to 
conduct the sludge from the drill hole into the container. The drill steel passed through a rubber 
bushing in the center of the bottom of the cup. Sponge rubber was used on the edges of the 
cup to form a tight seal with the rock. The cup was held tightly against the rock by a rod 
attached to the cup and to the drill. The volume of the sludge from the holes ranged from 10 
to 14 gal. (37 to 53 1.). 

The samples were taken to the laboratory and allowed to remain undisturbed for several 
days to permit the particles to settle. The supernatant water was then decanted from the samples 


and filtered through filter paper. The particles removed by the filter were added to the cuttings, 
which were then dried to constant weight. 


DETERMINATION OF SIZE OF CUTTINGS 


Data on the size of the cuttings were obtained from sieving determinations made on samples 
of all the cuttings from each hole and from microscopic measurements made on samples of the 
subsieve cuttings. 

SIEVING DETERMINATIONS 


Kinds of Sieving Determinations——Hand-sieving determinations were made by Anaconda 
personnel on samples of cuttings from all six holes, and mechanical-sieving determinations were 
made later by Bureau of Mines personnel on samples of cuttings from four of the six holes. 

Dry-sieving determinations were made on samples of cuttings from all six holes, and a wet- 
sieving determination was made by Anaconda personnel on a sample of the cuttings from 
one hole. 

Size of Sieving Samples—All of the cuttings from two holes and about a quarter of the 
cuttings from each of the other four holes were used in the Anaconda sieving determinations. 
One-hundred-gram samples of unsieved cuttings from the latter four holes were used in the 
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BROWN—SIZE OF CUTTINGS PRODUCED BY PNEUMATIC DRILLING 107 
Sieves Used.—Standard 8-in. (20-cm.)-diameter Tyler sieves were used in the Anaconda 


determinations and United States Standard sieves in the Bureau of Mines determinations. Table 
2 contains information on the mesh size of the sieves used. 


TaBie 2.—Standard 8-Inch (20-cm.) Sieves Used 


Sieve 
Stated Length of 
Side of Square 
Opening, « t Used by 
4,699 Anaconda (A) 
2,362 Anaconda (A) 
1,168 Anaconda (A) 
A and Bureau of Mines (BM) 
A 
A 
BM 
A 
BM 
A and BM 
A and BM 
A and BM 
A and BM 
BM 


* Tyler 5% were used by Anaconda and United States Standard ones by the Bureau of Mines. 
+ Brewer, R. E.: Comparison of Fine-Series, Square-Mesh-Wire Test Sieves of Different Countries, R. I. 
$766, United ‘States Department of the Interior, Bureau of Mines, 1944. 


TasLe 3.—Size of Particles in Anaconda “Through” 200-“on” 325-Mesh Fraction 


Cumulative Percentages 
Size Range Smaller than Upper Limit 
A Number of f Size Range 


Lower Particles in 
Limit, @ Li “ Size Range » Per Cent 
34 
13 7A 
48 
69 
49 


ees 


Calibration of Sieves—The common practice of using the size (length of the side) of the 
square openings in a sieve as a measure of the diameter * of the largest particles passing through 
the sieve may lead to errors, because the size of the openings may differ from that stated by 
the sieve manufacturer, and the diameter of the largest particles, particularly of nonspherical 


4. The “diameter” of nonspherical particles has not been clearly defined. The term as used 


in this report refers to the maximum dimension in the same direction of particles oriented at 
random. 


3 
| 
95 105 232 
: 105 115 255 
115 125 272 i 7 
125 135 294 
135 45 302 
145 155 311 95.2 P 
155 165 314 96.5 
165 175 321 98.3 
175 185 322 98.6 
185 195 99.0 
195 eee 327 eves 
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patticles, may differ from the size of the openings. Hatch® suggested a sieve-calibration 


procedure in which the size distribution of the particles of the particular material in the different 


sieve fractions is measured and the average size of the particles in these fractions is used instead 
of the stated size of the sieve opening in calculating the sieving data. This procedure, which does 
not have the objections of the preceding common practice, was used in the present study. 

The size of at least 200, and usually of a great many more, particles from each kind of sieve 
fraction was estimated by comparing the size of the larger particles with rulings on rectangular 
graph paper having millimeter rulings and the size of the smaller particles by comparing the 
size of images of the particles with rectangular rulings on a translucent microprojection screen.® 
The number of particles in various-size intervals rather than the actual diameter of the particles 
was determined in these measurements. 

The cumulative percentages of the particles smaller than the upper limit of the size interval 
were calculated, as indicated by the data in Table 3. These cumulative percentages were plotted 


a + * t 
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Fig. 2.—Size of quartz monzonite particles in the indicated sieve fractions. 


against the upper limit of the size range on logarithmic-probability paper? along with similar 
data for the other sieve fractions (Fig. 2). Straight lines, visually estimated to be the lines of 
best fit, were drawn through the points, giving most weight to the intermediate points. 

The 50% values of the size from these lines were the average size by number of the particles 
in the sieve fraction. Half the number of particles were larger than this size, and half were 


smaller. These 50%, or average, sizes have such names as geometric mean (M,) and number 
median diameter (NMD). 


5. Hatch, T.: Determination of “Average Particle Size” From the Screen-Analysis of 
Non-Uniform Particulate Substances, J. Franklin Inst. 215:27, 1933. 

6. Brown, C. E.: Midget Microprojector for Dust Determinations, R. I. 3780, United States 
Department of the Interior, Bureau of Mines, 1944. 


7. This logarithmic-probability paper is produced by the Codex Book Company, Inc., Nor- 
wood, Mass. The code number of the paper is 3128. 
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A measure of the distribution of the size of the particles in the sieve fraction was obtained by 
dividing the 84.13% size (obtained from the graph) by the 50% size as described by Hatch and 
Choate. These measures, called standard geometric deviations (¢) by Hatch and Choate, 
increase with an increase in the distribution of the size of the particles. A standard geometric 
deviation of 1.0 indicates that all particles have the same size. 

Such geometric means, My, or number median diameters, NMD, and standard geometric 
deviations, ¢, from the determinations on the number of particles, can be used in the following 
formula from Hatch 5: 

log Me’ = log Me + 6.9078 log? « qi) 
to calculate the geometric mean, M,’, based on the weight of the particles, or the mass median 
diameter, MMD. Half the mass of the particles is in particles larger than this MMD and 


TasLe 4.—Size of Particles in Sieve Fractions 


Measured Size of Particles in Sieve Fractions 


Number Median 
Diameter (Ms), 


~ 


Sieve Fractions, 

Mesh Rated Mesh of Standard 

Size of rie 

“Through” 
Siever 
(8) 

Anaconda 5 1.06 
Anaconda 12 
Anaconda 1.23 
Anaconda 1.6 
Anaconda 833 1.26 
Bureau of Mines (BM) 1.09 
Anaconda 1.22 
Anaconda 1.2 
BM 1.26 
Anaconda 1.23 
Anaconda 1.15 
BM 1.387 
BM 1.35 
Anaconda 1.39 
Anaconda 1.02 
BM 1.06 
BM 1.24 
Anaconda 
BM 1.79 


4 

8 
2 
20 
20 
23 
35 
48 
48 
60 
80 
80 
100 
100 
200 
200 
325 


* These values are the length of the side of the square openings of the “through” sieve, ding to 
the manufacturer. 
These mass median diameters, Mg’, were calculated from the number median diameters, Mg, and the 
standard geometric deviations, ¢, by = formula: 


Mg = log Mg’ — 6.9078 log? co. 
$ These fractions were sieved wet. 


half is in the smaller particles. The standard geometric deviation, ¢, from the weight of particles 
is the same as that from the number. 


The use of this formula may be illustrated by calculating the M,’ for the particles in the 
Anaconda “through” 200- “on” 325-mesh fraction (Table 3). The 50% size from the number 
of particles, Mg, for this fraction, as shown by the curve for this fraction in Figure 2, is 92 » 
and the standard geometric deviation, ¢ (84.13% size divided by the 50% size), is 122/92 = 1.33. 
Then 

log Mg’ = log 92 + 6.9078 log? 1.33, 
= 1.9638 + 6.9078 & 0.1238 & 0.1238 = 2.0695, 
Mg’ = 118 


8. Hatch, T., and Choate, S. P., Statistical Description of the Size Properties of Non- 
Uniform Particulate Substances, J. Franklin Inst. 207:369, 1929. 
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Table 4 contains the number median diameters, M, (Column 5), obtained from 
the 50% values of the curves in Figure 2; the standard geometric deviation, o 
(Column 8), obtained by dividing the 84.13% size values from the curves in 
Figure 2 by the 50% values from the same curves ; and the mass median diameters, 
MMD or M,’ (Column 7), calculated from the preceding equation (1). The values 
from the same kinds of sieve fractions from the Tyler sieves of Anaconda and the 
United States Standard sieves of the Bureau of Mines were in good agreement, as 
were the values from the fractions sieved dry and wet through the Tyler sieves of 
Anaconda. The number median diameters (Column 5) ranged from 2 to 79% 
higher than the stated size of the openings in the “through” sieve used for the 
fraction (Column 4) and averaged 24% higher. The largest particles in these 
fractions were much larger than these average sizes, as is indicated by the curves 
in Figure 2. 

Sieving Methods—Common laboratory procedures for sieving minerals ® were used for the 
cuttings, 


Anaconda Method: All sieving was done by hand. The cuttings were sieved wet in one 
determination and dry in all others. Loads of about 100 gm. were used in the determinations. 
A coin was used on the sieve with the dry cuttings to facilitate breakup of aggregates and 
passage of particles through the sieve. The dry cuttings were brushed at intervals with a 
camel’s-hair brush and the wet cuttings with a firm-bristle brush to facilitate passage of the 
cuttings through the sieve. Sieving was continued until passage of the cuttings practically 
ceased. 


Bureau of Mines Method: All sieving was done by a commercial mechanical shaker. Sieve 
loads of 100 gm. were used. Sieving was continued for two hours. 


DATA FROM THE SIEVING DETERMINATIONS 


Some data on the precision (reproducibility) of the dry-sieving determinations 
and on the agreement between dry-sieving and wet-sieving data were obtained from 
determinations on the cuttings produced by drilling Hole 4 with the Type B bits. 
Duplicate dry-sieving determinations were made on the cuttings by the Bureau of 
Mines method, and a dry-sieving and a wet-sieving determination were made on 
the cuttings by the Anaconda method. The data are recorded in Table 5 and 
presented graphically in Figure 3. The MMD’s, o’s, and calculated NMD’s from 
the duplicate dry-sieving determinations ayreed exactly and the o’s, and the cal- 
culated NMD’s from the dry-sieving and wet-sieving determinations agreed closely. 
The MMD from the dry determination (1802) was somewhat lower than the MMD 
from the wet determination (210”). However, these MMD’s were within +7.7% 
of their mean. These data indicate that the precision of the sieving determinations 
was good and that dry and wet determinations give similar results on such cuttings. 

These data when plotted on Rosin-Rammler law graph paper '® in Figure 4 
indicate that the sizes of the cuttings followed this law about as well as they did 
the logarithmic-probability law.* This Rosin-Rammler law, which has been widely 


9. Dasher, J.: Directions for Laboratory Mineral Sizing, Information Circular 7224, United 
States Department of the Interior, Bureau of Mines, 1942. 

10. Landers, W. S., and Reid, W. T.: A Graphical Form for Applying the Rosin and 
Rammler Equation to the Size Distribution of Broken Coal, Information Circular 7346, United 
States Department of the Interior, Bureau of Mines, 1946. 
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used for expressing the size of coal particles," has been presented by Bennett son 
as follows: 


R = 100e- (<) (2) 
in which R is the weight percentage of sizes greater than x, and # and nm are con- 
stants. Bennett developed the type of graph paper shown in Figure 4 for use in 
plotting R directly against x. The size at which the plotted line crosses the 36.79% 
ordinate on this paper is #, the absolute size constant, which indicates approximately 


Taste 5.—Sise Data from Duplicate-Dry and Dry-and-Wet Sieving Determinations on 
the Cuttings from Hole 4 


( ~ 
Sieve Fraction, icles Cumulative Cumulative ets 
Mesh in 8) reen 


Weight Percentage of Cuttings from Hole 4 Drilled by Type B Bits 


Duplicate Dry Determinations Dry and Wet Determinations 


“First Determination Second Determination “Dry Determination Wet Determination - 
A. A 


“A 


“Through” “On” tion, # 


400 
325 
325 
200 
100 
80 
60 
48 
35 
40 
28 
20 
20 


age 
q) (2) (3) ( (7) 


Bureau of Mines Data 


26.76 
31.91 
44.28 
54.91 
63.78 
74.12 


84.63 


Mass median diameter (Mg’) of 
cuttings, 


Standard geometric deviation, 


Number median diameter (Mg), 
calculated from the follow- 


Mg + 


equation: log Mg’ = log 
6.9078 log? ¢ 


the range of sizes covered. The slope of the line is numerically equal to the tangent 
of the angle between the line and the axis of the abscissa. This slope, n, in Equation 
2, is called the distribution coefficient, and it is a measure of the range in size of 
the particles. As m increases the range of the size of the particles decreases. 


11. (a) Rosin, P., and Rammler, E.: The Laws Governing the Fineness of Powdered Coal, 
J. Inst. Fuel 7:29, 1933. (b) Bennett, J. G.: Broken Coal, ibid. 10:22, 1936. (c) Geer, M. R, 
and Yancy, H. F.: Expression and Interpretation of the Size Composition of Coal, Tr. Am, 
Inst. Min. Engin. 180:250, 1938. (d) Scott, G. S.: Application of the Rosin-Rammler Law 
to the “Missing Sizes” in Screen Coal, R. I. 3732, United States Department of the Interior, 
Bureau of Mines, 1943. (e) Landry, B. A.: Fundamentals of Coal Sampling, Bulletin 454, 
United States Department of the Interior, Bureau of Mines, 1944. (f) McCartney, J. T.: 
Determination of the Size Distribution of Fine Coal Particles by the Electron Microscope, R. I. 
3827, United States Department of the Interior, Bureau of Mines, 1945. 


Mass 
Median 
Diameter 
Cumulative Cumulative 
Percent- Percent- 
ercent Less reent- age Less Percent- age Less 
MD age Than MMD age Than MMD 
(8) (9) (10) 
17 941 8.47 32.34 18.90 37.95 10.76 37.83 
1% 22 15.88 15.21 44.18 11.02 52.91 12.61 49.52 j ik 
331 310 5.93 6.44 5.98 61.41 6.17 58.91 
448 10.70 69.75 10.44 67.21 
574 6.70 78.45 6.30 75.58 
1,110 12.15 | 12.15 84.36 bane 
1,180 datos 4.43 89.43 4.60 87.49 
1,610 ee 2.77 93.03 4.00 91.79 
3,110 3.81 96.37 3.95 96.77 
5,810 1.81 99.23 2.26 98.87 
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Fig. 4—Description of the size of the cuttings from Hole 4 according to the Rosin-Rammler 
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Fig. 3.—Size of cuttings from Hole 4 drilled by Type B sharp bits, as determined by dry 
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Since the logarithmic-probability law apparently described the size of the cutting 
particles as well or better than did the Rosin-Rammler law, the logarithmic- 
probability law was used in this study. 

Table 6 contains the data on the dry sieving of the cuttings from the six holes 
by Anaconda and from four of the six holes by the Bureau of Mines. The mass 
median diameters, MMD’s, of all the cuttings ranged from 180 to 250 p, indicating 
that half the weight of the cuttings was in the particles smaller than this size and 
half in the larger particles. Thus these values indicate that the MMD’s of the 
particles produced by the different kinds of bits did not differ widely. The MMD’s 
from the Bureau of Mines determinations were in good agreement with those from 
the Anaconda determinations. 

The number median diameters, NMD’s, of all the cuttings calculated from the 
MMD’s and the standard geometric deviations, « (Table 6), ranged from 0.076 


TasLe 7.—Percentage of Particles Smaller Than 3 Microns in Diameter in Cuttings as 
Determined from Extrapolations of the Sieving Data 


Percentage of Particles Smaller Than 3 u in 
Diameter in the Cuttings 


Weight of Particles Number of Particles - 
Anaconda Bureau of Anaconda Bureau of 
Type of Bit < Data Mines Data ta Mines Data 
0.078 
16 0.20 


21 21 
40 40 


to 0.66 ». The smallest NMD was obtained from the cuttings of the Type D bits 
and the largest from the cuttings of the Type A bits. These NMD’s are markedly 
lower than the MMD’s because of wide distribution in the size of the particles, as 
shown by the high values of the standard geometric deviations, ¢. The NMD’s from 
the Anaconda determinations were equal to or greater than those from the Bureau 
of Mines determinations. 

Estimates of the percentages by weight and by number of the cuttings less than 
3 » in diameter (Table 7) were obtained by extrapolating the curves, like those 
shown in Figure 3, from the lowest sieve value (117 ») down to the 3-p value. The 
validity of this procedure is questionable, since the range over which the size of these 
cuttings followed the logarithmic-probability law has not been determined. The 
estimates probably are in the right order of magnitude, as are the relations between 
the values for the cuttings from the different holes. The percentages for the cuttings 
from the Type A bits were the lowest and those for the cuttings from the Type D 
bits the highest. The percentages for the cuttings from the Types A, B, and C bits 
were in fair agreement. These values show that the weight percentage of the 
particles smaller than 3 » in diameter is extremely low, much lower than 1%, but 
that the number percentage is very high. 


| 
| 
, 
| 


BROWN—SIZE OF CUTTINGS PRODUCED BY PNEUMATIC DRILLING 115 


MICROSCOPIC MEASUREMENTS 


The size of the subsieve cuttings from all six holes was measured microscopically 
by the Bureau of Mines to obtain data on the particles smaller than 3 » in diameter. 
The sutseve fractions obviously contained all of such particles from the whole 
cutting sample. 


Preparation of Samples—Samples of the subsieve material, dispersed in ethyl alcohol or 
xylene, were shaken thoroughly, then quickly poured into shallow, flat-bottom containers (like 
Petri dishes) containing clean microscope coverslips on the floor of the containers. Loose-fitting 
covers were placed over the containers to prevent extraneous materials from dropping into them, 
and the containers were allowed to remain undisturbed to permit the particles to settle uniformly 
to the coverslips and the liquid to evaporate. Several attempts usually had to be made to secure 
samples with suitable concentration and distribution of particles. 


Tapie &.—Size of Particles in Subsieve Portion of Quartz Monzonite Drill Cuttings 


Percentage of Total Number of Particles Small dicated ay Be Limit of 
Size Range in Subsieve Portion of of Cuttings ot Hole Drilled 
Type C Bits 
Type A Bits 
A Hole 
Sharp Bits * Type B Bits Deterntnation Type D Bits 
Upper Limit of Du ll Sharp Bits Sharp Bits 
Size Range, Hole 1 Hole 2 Hole 4 1 Hole 6 
) 


Number median diam- 


0.97 0.87 0.97 0.88 0.75 0.75 1.30 
Standard geometric de- 
viation (¢) ......... 2.58 3.50 2.58 3.18 2.68 2.68 2.69 


Calculated mass median 


Measurement of Size of Particles—The particles on the preceding coverslips were examined 
under suitable magnification, and the size of the particles was compared with calibrated rulings 
in the field of view. A microscope equipped with a 90x, oil-immersion objective with a numerical 
aperture (N. A.) of 1.3 was used in examining the particles smaller than 2.5 » in diameter in 
square fields, 25 « on a side; a microscope equipped with a 40x, high-dry objective with an 
N. A. of 0.95 was used in examining the particles 2.5 to 12.5 # in diameter in square fields 400 » 
on a side; and a microscope equipped with a 10x dry objective with an N. A. of 0.3 was used 
in examining the particles larger than 12.5 « in diameter in square fields, 5,700 « on a side. The 
number of particles in each field was calculated to the number per square field, 5,700 » on a 
side (the size of the largest field in which measurements were made). The number of particles 
in various size ranges (0.5 » ranges up to 12.5 « and 5 » ranges thereafter) was determined 
rather than the actual size of each particle. The size of at least 200 particles, and usually of a 
great many more particles in each sample, was compared with the size of the calibrated rulings. 
The cumulative percentages of the particles smaller than the upper limit of the size ranges were 
calculated (Table 8), and these percentages were plotted against the upper limit of the size range 
on logarithmic-probability paper as in Figure 5. Straight lines visually estimated to be the lines 
of best fit were drawn through the points, giving most weight to the intermediate points. These 
data apparently followed the logarithmic-probability law as well as did the sieving data (Fig. 3). 
The number median diameters, NMD’s or M,’s (50%sizes) and the standard geometric devia- 


23.7 28.4 51.0 43.2 16.6 
86.6 91.6 87.9 98.2 4.5 85.7 
GA 92.9 96.2 4.7 7.9 98.2 93.3 
98.6 99.52 98.98 99.6 99.79 98.38 
99.2 99.79 99.48 9.8 99.9 99.06 
‘ diameter, 14.0 96.0 14.0 49.0 14.0 14.0 25.0 
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| tions, @’s (the 84.13% size divided by the 50% size), were obtained from these curves. The mass 
“4 median diameters, M,’s or MMD’s, were obtained from the M,’s and the standard geometric 
deviations, @’s, by the use of Equation 1. These NMD’s, ¢’s, and calculated mass median 

, diameters are listed at the bottom of the columns in Table 8. 


DATA FROM THE MICROSCOPIC MEASUREMENTS 


The number median diameters of the subsieve fractions ranged from 0.75 to 
1.3 p, the standard geometric deviations from 2.58 to 3.50, and the calculated mass 
median diameters from 14 to 96 ». The data from the two determinations of the 
subsieve cuttings from Hole 5 (Columns 6 and 7) agreed very closely, indicating 
that the precision of the determinations was good. The size of the subsieve cuttings 
from the drilling of Hole 3 with the unsharpened Type A bits (Column 4) was the 
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Fig. 5.—Size of the subsieve cuttings from Hole 4 drilled by Type B sharp bits, as determined 
by microscopic measurements. 


same as the size of the cuttings from the drilling of Hole 2 with the sharp Type A 
bits (Column 3). 

The percentages of particles smaller than 3 » in diameter in the subsieve cuttings 
(Table 9, Columns 5 and 6) were determined graphically. The percentages of 
particles smaller than 3 « in diameter in all cuttings from the drill holes (Columns 
7 and 8) were determined from these data and the percentages of total cuttings in 
the subsieve portions (Columns 3 and 4). These data for the cuttings smaller than 
3 pw in diameter are in agreement with the corresponding data from the sieving 
determinations (data in parentheses in Columns 7 and 8) in showing that the 
weight percentages of particles smaller than 3 » in diameter in the cuttings were 
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very low and that the number percentages (Column 8) were very high. The data 
from the microscopic measurements agreed fairly well with those from the sieving 
determinations with some of the samples but not so well with other samples. The 
data from both methods seem to indicate that the size of the cuttings produced by 
the four different kinds of bits did not differ widely. 


SUMMARY 


The size of the cuttings produced by pneumatic wet drilling into quartz mon- 
zonite with an automatic stoper equipped with four kinds of double-taper, center- 
hole, detachable bits was determined by sieving samples of all the cuttings from the 
hole and by microscopic measurement of the size of the cuttings in samples of the 
subsieve cuttings. 


Tasie 9.—Percentage of Particles Smaller Than 3 Microns in Diameter in Cuttings, as Deter- 
mined from Microscopic Measurements of Sise of Subsieve Cuttings 


Percentage of Caleulated Percentage 
Total Cuttings in Smaller Than 3 « of Particles Smaller 
Subsieve Portion in Diameter in the Than 3 g in Diameter in 

Subsieve Cuttings Total Cuttings Sample 
By ber of By oe By 
Weight Particles Weight Number Weight Number 
(3) (4) (5) (6) (7) (8) 
>99.9 1.18 (0.073) 88 (89) * 
>99.9 . 0,065 (0.16) 84 (91) 
(0.20) (97) 
>99.9 7 1.41 (0.11) 88 (86) 
>99.9 0.18 (0.23) 85 (95) 
(0.17) (97) 
>99.9 ‘ 17 (21) 92 (95) 
(0.21) (95) 
>99.9 d 0.45 (0.40) 80 (99) 
(0.40) (99) 


By Num- 


* The values in parentheses were obtained from the sieving determinations (table 7). 


Three holes were drilled with one type of bit and one hole with each of the other 
three kinds of bits. All bits except one set of the first type were sharpened before 
use. One set of the first type had been used in drilling one hole before being used 
in this study. 

Dry-sieving determinations were made on all samples of cuttings, and a wet- 
sieving determination was made on one sample. 

The mass median diameters of the six samples of cuttings, as determined by 
sieving, ranged from 180 to 250 », and the standard geometric deviations ranged 
from 4.0 to 5.1. The calculated number median diameters ranged from 0.076 to 
0.66 p. 

The percentage by weight of the particles smaller than 3 » in diameter (con- 
sidered by some to be the size of the largest siliceous particles of hygienic impor- 
tance), determined by extrapolation of the sieving data and microscopic 
measurement of the subsieve cuttings, ranged from 0,065 to 1.7 and the percentage 
by number of particles smaller than 3 » in diameter ranged from 80 to 99. These 
data indicated that the sizes of cuttings produced by the four different kinds of drill 
bits did not differ widely. 
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The sieving data followed the logarithmic-probability law as well or better than 
they did the Rosin-Rammler law. 


The Anaconda Copper Mining Company’s part of the study was under the general super- 
vision of W. B. Daly, then general manager of mines, and of J. J. Carrigan, then superintendent 
of mines, and under the direct supervision of A. S. Richardson, ventilation engineer. Other 
Anaconda personnel who participated in the study were: J. W. Warren, W. C. Williamson, 
C. A. Russell, F. G. Anderson, J. L. Shugert, H. M. Hunt, C. I. True, R. G. Makinson, J. J. 
Canavan, and F. T. Divel of the Ventilation Department and H. Harrity of the Chemistry 
Laboratory. 

The Bureau of Mines part of the study was under the general supervision of H. H. Schrenk, 
then chief of the Health Branch, and under the direct supervision of the author, who was the 
only representative of the Bureau at Butte. T. B. Kirby and E. E. Roecker, the latter then of 
the Health Branch, assisted in calibrating the sieves, made the Bureau’s sieving determinations, 
and made the microscopic measurements of the size of the subsieve particles. Florence Feicht 
Boyer and Helen Worthing, then of the Health Branch, made the X-ray determinations on the 
samples. 

Preparation of this report was much facilitated by examination and approval of the report 
(for publication) by E. S. McGlone, vice president of Anaconda Copper Mining Company in 
charge of Western operations; study and correction of manuscripts by A. S. Richardson, and 
examination and preparation of the final copies by personnel of the Health Branch of the Bureau 
of Mines. 
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RANGE-FINDING TOXICITY DATA: LIST IV 


HENRY F. SMYTH Jr., Ph.D. 


CHARLES P. CARPENTER, Ph.D. 
AND 


CARROL S. WEIL, M.A. 
PITTSBURGH 


be peta the appearance of our previous communications on the range-finding 
test? additional data from our work have become available for presentation. 
They are listed in Tables 1 and 2. All materials named either are being handled 
in commercial quantities or have been evaluated for specific commercial applica- 
tions within the past few years. A few are known by trade names not suggested 
by the chemical names given here. 

There has been no change in methods or in presentation of data since the last 
paper. Two changes are contemplated. The rabbit-eye-injury test is unrealistic 
in that it exaggerates the hazard from certain materials. It is desirable to add to 
the present test, which determines the least amount of chemical causing corneal 
injury of an arbitrary severity, some expression for the rate of healing of the 
injury. Background studies for this addition have not yet been made. 

In Table 2 appears no material which caused microscopic lesions where some 
other evidence of injury was not found at the same or a lower dose level. Accord- 
ingly, we tentatively expect to drop microscopic study of tissues from subacute 
dosage series at the range-finding level on the ground that the technic is not 
sufficiently sensitive to justify its cost. 


None of our earlier papers have pointed out that, except in rare cases, all single 
oral doses are given in this laboratory to animals which have not been fasted 
overnight. In the few instances where we have made comparisons, the L.D..,, 
determined on fasted rats is lower than that on animals not fasted by only some 
20 or 30%, a difference on the borderline of statistical significance and not great 
enough to influence evaluation of practical hazards. 


From Mellon Institute of Industrial Research, University of Pittsburgh. 


1. (a) Smyth, H. F., Jr., and Carpenter, C. P.: The Place of the Range Finding Test in 
the Industrial Toxicology Laboratory, J. Indust. Hyg. & Toxicol. 26:269, 1944. (b) Smyth, 
H. F., Jr., and Carpenter, C. P.: Further Experience with the Range Finding Test in the 
Industrial Toxicology Laboratory, ibid. 30:63, 1948. (c) Smyth, H. F., Jr.; Carpenter, C. P., 
and Weil, C. S.: Range-Finding Toxicity Data, List III, ibid. 31:60, 1949. 

2. Carpenter, C. P., and Smyth, H. F., Jr.: Chemical Burns of the Rabbit Cornea, Am. J. 
Ophth. 29:1363, 1946. 
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EPIDEMIOLOGY OF BERYLLIUM INTOXICATION 


JAMES H. STERNER, M.D. 
AND 
MERRIL EISENBUD 
NEW YORK 


ORE THAN 100 cases of pulmonary granulomatosis and more than 200 cases 

of acute pneumonitis have occurred during the past several years among 
individuals exposed to beryllium and its compounds. These cases have been 
reported from a variety of industries which use beryllium. 

Until the past year or two there was widespread reluctance to acknowledge 
beryllium as a toxic metal. This is understandable when one considers the picture 
which was presented prior to 1947. 

In 1943 Hyslop and associates ' reported, on the basis of their animal investiga- 
tions, that “beryllium is of itself not toxic,” a conclusion which was at that time 
considered by many to be quite consistent with the toxicologically innocuous 
position of beryllium in the periodic table. 

The high incidence of acute pnewmonitis in the beryllium-extraction plants, first 
reported in this country by Van Ordstrand and associates,’ was explained by other 
investigators * as an effect of exposure to the acid radical of the beryllium salts 
rather than to beryllium per se. 

The reluctance to accept beryllium as an etiologic factor of chronic disease was 
based on its puzzling epidemiology. There was general agreement among investi- 
gators that there was no apparent relationship between the incidence of chronic 
disease and the severity of exposure to beryllium ‘* and that cases occurred under 
conditions of very minimal exposure.™ 


Medical Director, Eastman Kodak Company, and Consultant, United States Atomic Energy 
Commission (Dr. Sterner). 


Director, Health and Safety Division, United States Atomic Energy Commission, New 
York Operations Office (Mr. Eisenbud). 

Presented at a joint meeting of the American Industrial Hygiene Association and the 
American Conference of Governmental Industrial Hygienists, Atlantic City, April 24, 1951. 

1. Hyslop, F.; Palmes, E. D.; Alford, W. C.; Monaco, A. R., and Fairhall, L. T.: The 
Toxicology of Beryllium, Bulletin 181, United States Public Health Service, 1943. 

2. Van Ordstrand, H. S.; Hughes, R., and Carmody, M. G.: Chemical Pneumonia in 
Workers Extracting Beryllium Oxide: Report of 3 Cases, Cleveland Clin. Quart. 10:10, 1943. 

3. Shilen, J.; Galloway, A. E., and Mellor, J. F., Jr.: Beryllium Oxide from Beryl: Health 
Hazards Incident to Extraction, Indust. Med. 13:464, 1944. 

4. (a) Gardner, L. U.: Generalized Pulmonary Granulomatosis Occurring Among Workers 
Believed to be Exposed to Beryllium or Its Compounds, Transactions of the Eleventh Annual 
Meeting of the Industrial Hygiene Foundation of America, 1946. (b) Williams, C. R.: Epidemi- 
ology of Chronic Beryllium Poisoning, read before the Ninth International Congress on 
Industrial Medicine, London, Sept. 15, 1948. (c) Higgins, H. L.: Pulmonary Sarcoidosis, Con- 
necticut M. J. 11:330, 1947. 

5. (a) Jackson, A. J.; (b) Sander, O. A.; (c) Morse, G. E.; (d) Nichol, A. D.; (e) Wil- 
liams, C. R. and (f) Van Ordstrand, H. S., in Vorwald, A. J.: Pneumoconiosis: Beryllium, 
Bauxite Fumes, Compensation, New York, Paul B. Hoeber, Inc., 1950. 
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For a short period the possibility that the chronic disease may be an infectious 
process was considered. Higgins * suggested that the epidemiology of the disease 
could be explained on the premise of an infectious agent. Gardner “ investigated 
this possibility, with negative results, although he, too, cited the confusing distribu- 
tion of cases and postulated the existence of an X factor which together with 
beryllium exposure was prerequisite to the chronic disease. 

The first well-documented report of berylliosis appeared in 1946 when Hardy 
and Tabershaw ° described a series of 17 cases in a plant manufacturing fluorescent 
tubes. No chronic cases had been known to develop in the plants extracting beryl- 
lium from the ore, despite the high incidence of acute disease which had been 
reported and the inherently more severe conditions of beryllium exposure in these 
plants. The disease was still unknown in most fluorescent-lamp plants. 

The failure of a number of investigators to produce the chronic disease in labora- 
tory animals cast additional doubt on the role of beryllium, although here the 
bizarre character of this element was manifest. Gardner “ in his efforts to produce 
berylliosis in rabbits found not the granulomatous lesions for which he was looking 
but malignant sarcoma of the bone. 

More recent developments have dispelled many doubts about the role of beryl- 
lium in the etiology of the acute and the chronic disease. 

1. The acute toxicity of beryllium per se has been demonstrated in laboratory 
animals at the University of Rochester.’ 

2. There have been a number of reports * of cutaneous granulomatous lesions 
which followed the accidental implantation of fragments of fluorescent tubes con- 
taining beryllium phosphors, and Dutra® has been successful in duplicating these 
lesions of the skin in laboratory animals. 

3. The number of cases of chronic disease reported in the literature has 
increased substantially and, more important, these cases have been reported from 
virtually every industry in which the use of beryllium is involved.*° Of equal 
significance is the fact that no one has reported similar groups of cases in which 
beryllium exposure is not involved but in which one finds the characteristic clinical 
roentgenologic and pathologic complex seen in berylliosis. 

Early investigation was handicapped by the lack of a reliable method of beryl- 
lium analysis sufficiently sensitive to make air sampling practical. However, by 
1947 spectrochemical methods had been developed," and it then became possible, 


6. Hardy, H. L., and Tabershaw, I. R.: Delayed Chemical Pneumonitis Occurring in 
Workers Exposed to Beryllium Compounds, J. Indust. Hyg. & Toxicol. 28:197, 1946. 

7. Hall, R. H.; Scott, J. K.; Laskin, S.; Stroud, C. A., and Stockinger, H. E.: Acute 
Toxicity of Inhaled Beryllium, Arch. Indust. Hyg. 2:25 (July) 1950. 

8. (a) Grier, R. S.; Nash, P., and Freiman, D. G.: Skin Lesions in Persons Exposed to 
Beryllium Compounds, J. Indust. Hyg. & Toxicol. 30:228, 1948. (b) Nichol, A. D., and 
Dominguez, R.: Cutaneous Granuloma from Accidental Contamination with Beryllium Phos- 
phors, J. A. M. A. 140:855 (July 9) 1949. (c) Dutra, F. R.: Beryllium Granulomas of the Skin, 
Arch. Dermat. & Syph. 60:1140 (Dec.) 1949. 

9. Dutra, F. R.: Experimental Beryllium Granulomas of the Skin, A. M. A. Arch. Indust. 
Hyg. 3:81 (Jan.) 1951. 

10. There have been no reports of cases from the machining of low-beryllium alloys, although 
cases have developed in a plant founding beryilium-copper alloy (BeCu). 

11, Cholak, J., and Hubbard, D. M.: Spectrographic Determination of Beryllium in Biologi- 
cal Material and in Air, Analyt. Chem. 20:73, 1948. 


| 
§ 
| 


STERNER-EISENBUD—BERYLLIUM INTOXICATION 125 


although by a relatively difficult procedure, to undertake quantitative environmental 
studies in the plants and the laboratories in which beryllium poisoning had occurred. 

This report will in part summarize the information with which it is now 
possible, within limitations, to relate quantitatively the occurrence of beryllium 
intoxication to causative environmental factors. The data to be presented demon- 
strate that from the standpoint of epidemiology beryllium disease does not conform 
to the usual patterns of simple intoxications. In the absence of a presently accepted 
working hypothesis as to the mechanism of the reactions to beryllium, it is neces- 
sary to devise a new hypothesis which, though unconventional from the point of 
view of classic toxicology, is nevertheless consistent with the peculiar epidemiology 
of beryllium intoxication. 

The justification for presenting a hypothesis which seems to make the available 
information more understandable is that by so doing it is possible (1) to establish 
more clearly the rationale for hygienic controls, (2) to suggest experimental 
techniques which offer new approaches to the problem of producing the disease in 
animals, and (3) to provide the basis for a more effective therapy. 


I. ENVIRONMENTAL ASPECTS 


Acute Disease——Acute beryllium poisoning has been reported to have resulted 
from exposure to beryllium compounds in plants producing beryllium from the ore,’ 
in metallurgical and ceramics laboratories,'* and in the fluorescent-lamp industry."* 
From the original report by Eisenbud and his co-workers ** and from information 
developed in subsequent studies which have been conducted, it is possible to sum- 
marize the following information. 

Acute pneumonitis has occurred in industry following inhalation of beryllium 
metal, beryllium oxide, the sulfate, the fluoride, the hydroxide and the chloride. 
Inhalation of the dust of beryllium ore (beryl) has produced no known cases of 
acute pneumonitis, and it may be that this is the only beryllium compound of 
industrial significance which is incapable of producing acute disease. The two 
cases of acute pneumonitis reported from the fluorescent-lamp industry were 
associated with the preparation of phosphor and involved exposure to beryllium 
oxide (BeQ). 

The fact that cases were identified with exposure to beryllium metal and beryl- 
lium oxide ** demonstrates that the offending agent is beryllium per se and not 
the acid radicals, as has been suggested by some investigators. This same positive 
identification of beryllium as the specific factor has been shown by Curtis ** in 
studies of the skin response in humans. Laboratory studies have demonstrated 


conclusively that the acute disease can be produced in animals by exposing them 
to beryllium oxide.’ 


12. Aub, J. C., and Grier, R. S.: Acute Pneumonitis in Workers Exposed to Beryllium 
Oxide and Beryllium Metal, J. Indust. Hyg. & Toxicol. 31:123, 1949. 

13. (a) Machle, W.; Beyer, E. C., and Gregorius, F.: Berylliosis, Occup. Med. §:671, 1948. 
(b) Martland, H. S.; Brodkin, H. A., and Martland, H. S., Jr.: Occupational Beryllium Poison- 
ing in New Jersey, J. M. Soc. New Jersey 45:5, 1948. 

14. Eisenbud, M.; Berghout, C. F., and Steadman, L. T.: Environmental Studies in Plants 
and Laboratories Using Beryllium, J. Indust. Hyg. & Toxicol. 30:281, 1948. 

15. Aub and Grier.12 Machle and others.** 

16. Curtis, G. H.: Personal communication to the authors. 
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The ability of beryllium oxide to cause acute pneumonitis is highly variable, 
depending on its physical characteristics. The oxide may be produced by calcin- 
ing either the hydroxide or the sulfate, and the temperature at which this operation 
is conducted governs the specific surface area of the beryllium oxide produced. 
The surface area decreases with increase in calcining temperature. Field studies 
indicated that only the oxide prepared at a relatively lcw calcining temperature 
produced cases of acute pneumonitis. This observation was subsequently confirmed 
by animal experiments. 

Acute pneumonitis can result from single exposures to beryllium compounds. 
One episode '* for which air-analyses data are available indicates that a 20-min. 
inhalation of beryllium fluoride in concentrations which ranged up to 400 to 650 
micrograms of beryllium per cubic meter of air (400-650 y/cu. m.) produced 
acute disease in three individuals. The onset of symptoms occurred approximately 


72 hr. after the incident. The total amount of beryllium inhaled during this brief 


episode approximated 45 y. 


The occurrence of an acute disease was found to be associated with concentra- 
tions which were invariably in excess of 100 pg./cu. m., and concentrations of the 


soluble beryllium compounds in excess of 1 mg./cu. m. consistently produced cases 
among almost all personnel. 


Chronic Disease (Berylliosis)-—Berylliosis has been reported resulting from 
occupational exposure in plants handling beryllium phosphors,’’ in beryllium- 
copper founding,** in ceramics laboratories,’ in metallurgical shops,’** and in 
plants producing beryllium compounds from the ore."* This disease has also been 
reported as occurring among individuals exposed to atmospheric pollution in the 
vicinity of plants processing beryllium, and in persons dwelling in the same house- 
hold with beryllium workers."* 

The occurrence of chronic disease has been quantitatively investigated in 
relation to exposure only among affected residents in the vicinity of a beryllium- 
producing plant. In these studies *® useful information concerning the relationship 
of the atmospheric concentration of beryllium and the incidence of disease was 
developed. 

Because of a number of circumstances, there has been little opportunity to make 
similar studies of chronic occupational berylliosis. The characteristic delay in onset 
of this disease has made it difficult in most of the reported cases to obtain reliable 
information about the occupational environment during the period of exposure. 
The cases which were investigated in the early 1940’s might have provided the 
basis for worth while environmental studies, but, unfortunately, satisfactory air- 
analyses procedures had not been developed at that time. Another difficulty arises 
from the fact that many of the cases concerned laboratory workers whose exposures 
were both varied and intermittent and cannot be reconstructed in detail. The 
characteristic delay of the onset of symptoms is another obstacle making it difficult 
to reconstruct accurately the details of the occupational history. 


17. Hardy and Tabershaw.* Sander.5> 


18. DeNardi, J.; Van Ordstrand, H. S., and Carmody, M. G.: Chronic Pulmonary Granulo- 
matosis, Am. J. Med. 7:345, 1949. 


19. Eisenbud, M.; Wanta, R. C.; Dustan, C.; Steadman, L. T.; Harris, W. B., and Wolf, 
B. S.: Non-Occupational Berylliosis, J. Indust. Hyg. & Toxicol. 31:282, 1949. 
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Nonoccupational Cases—The occurrence of nonoccupational beryllium poison- 
ing in the vicinity of a plant producing beryllium compounds from ore has afforded 
a unique opportunity to conduct environmental studies. In these investigations ** 
a clear relationship of the beryllium pollution of the atmosphere and the incidence 
of disease was demonstrated, but, as noted earlier, this is in contrast with the 
general observations relating exposure to incidence of disease in occupational cases. 

A total of 10 cases attributable to atmospheric pollution occurred among indi- 
viduals who had no history of having been exposed to beryllium occupationally 
but who had resided for several years in the vicinity of this plant. Air-analysis 
studies conducted in this community yielded useful data on the levels of atmos- 


2 4 67890 2 4 5 6789000 46678690 
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Chart 1—The histogram gives the distribution of cases as a function of distance from the 
plants. The curve has been fitted to the observed beryllium concentrations, assuming the form 
C = ae ->*, an approximation of the Sutton equation. 


pheric contamination. The concentration of beryllium 34 mi. (about 1 km.) from 
the plant was of particular interest because the lower concentrations beyond this 
distance did not produce known cases in the seven years during which this plant 
was active.”? The studies indicated that this 34-mile concentration was certainly 
less than 1 y/cu. m. of air and probably ranged between 0.01 and 0.1 y/cu. m. 
during the entire period of plant operation. 

The measured concentrations of beryllium in the neighborhood of this plant 
were in excellent agreement with the concentrations which were predicted from 


20. No cases have developed beyond %4 mi. from the plant in the three years that have 
elapsed since the original investigation. Three new cases have developed closer to the plant, 
thus increasing the original number to 13. 
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knowledge of the rate at which beryllium was being emitted and the theory of 
turbulent diffusion of stack gases. Also, the minimal atmospheric concentrations 
were consistent with the low beryllium content of tissues of the affected individuals 
on whom autopsies were made. 

The relationship between these cases, the atmospheric beryllium concentrations, 
and the distance from the plant is shown graphically in chart 1. The incidence 
of disease falls off sharply with the reduction in atmospheric pollution. Except 
for the extraordinarily low concentrations to which these cases are attributable, 
chart 1 might represent the type of distribution we should expect for intoxications 
from any of the agents of chronic occupational disease. One might conclude from 
these data that here is a disease in which the relationship between severity of 
exposure and incidence of disease is quite orthodox. Individuals living close to 
the plant were exposed to higher concentrations of beryllium and hence more of 
them had beryllium intoxication. No one residing beyond 3% mi. from the plant 
was affected by the minimal atmospheric pollution beyond that distance. However, 
when we examine the records of berylliosis occurring in persons working within 
the plant to which these “neighborhood” cases are attributable, the bizarre epidemi- 
ology of this disease becomes apparent. 


Occupational Cases.—Within 4% mi. (400 m.) of the plant, where the concen- 
trations of beryllium were of the order of 1 y/cu. m., the incidence of berylliosis 
was approximately 1%. Within the plant the employees were exposed to milli- 
gram concentrations of beryllium but only six cases of berylliosis have developed 
out of the total employment of about 1,700 persons. Acute pneumonitis was preva- 
lent among these employees, over 175 cases having been reported during the 
seven-year period that this plant was in active operation. (As noted above, the 
occurrence of acute disease is evidence of relatively adverse conditions of exposure.) 
This serves to emphasize the way in which the epidemiology of this disease deviates 
from the conventional pattern. The fact that residents near the plant were exposed 
continuously, difference in the chemical composition of the neighborhood pollution, 
and difference in particle size might to some extent explain the higher disease 
incidence in the community. However, the thousandfold variation in exposure 
seems difficult to reconcile entirely by these factors. 

We are confronted with further incongruity when we examine the duration 
of exposure of the employees in whom chronic disease developed. In chart 2, 
Curve A gives the duration of employment of the approximately 1,700 employees 
who worked in this plant. The steep decline during the first few months is indica- 
tive of a high labor turnover in this plant, but it will be noted that 10%, or about 
170 persons, were employed longer than 18 mo. and 5%, or about 85 persons, 
were employed longer than 30 mo. In Curve B are plotted the durations of employ- 
ment of the six persons whose cases are reported. It will be noted that the berylliosis 
occurred in employees whose length of service was less than four months. One 
ordinarily expects to find chronic occupational disease among those whose histories 
indicate the longest exposures. The reverse seems true in this plant. Unlike the 
direct relationship between exposure and incidence of disease which is so nicely 
demonstrated in the neighborhood cases involving relatively low-grade exposure, 
the data suggest that within the plant, at higher concentrations, berylliosis develops 
only among those having relatively brief exposures. 
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Prior data illustrating this departure from the usual epidemiology of occupa- 
tional disease have not been reported. As noted elsewhere, this is due in large 
measure to the fact that there were no suitable air-analysis methods until 1947. 
With the exception of the episode of neighborhood disease mentioned above, the 
major groups of chronic cases originated from exposures prior to 1947, and the 
environmental data are thus not quantitative. The reports of the earlier cases 
do, however, contain references to the apparent independence of this disease as 
regards severity of exposure.‘ 

The distinctly opposite types of case distribution which have been demonstrated 
above for occupational and nonoccupational berylliosis are difficult to reconcile. 
For low concentrations we have clear evidence of the usual relationship between 


severity of exposure and incidence of disease. This relationship does not hold at 
the higher concentrations. 


“0 wo 
Xs MONTHS OF EMPLOYMENT 


Chart 2.—Distribution of all employees and of those with chronic disease with respect to 
— of employment. A represents the total plant population; B, the employees with chronic 
jisease. 


The above observations deal essentially with the quantitative aspects of the 
beryllium exposures. This report has thus far been concerned only with severity 
of beryllium exposure, without considering which of the compounds of beryllium 
are involved in the causation of the chronic disease. From the latter point of view 
there is evidence that berylliosis develops only in individuals whose exposure has 
included the insoluble beryllium compounds and perhaps, more specifically, beryl- 
lium oxide. 

One can demonstrate quite readily that beryllium oxide is a factor in most of 
the industries that have reported berylliosis, but this in itself is not conclusive, 
because beryllium oxide is the most prevalent component of most beryllium expo- 
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sures. The oxide is the only beryllium compound which has found application in 
the ceramics industry. In the machining of beryllium metal, the metallic-dust 
particles form oxide coatings, and in beryllium-copper founding beryllium oxide is 
a constituent of the fume. 

In the preparation of fluorescent powder, beryllium oxide is an important raw 
material. It is blended and milled with silica, and the oxides of zinc, manganese, 
and magnesium. In these and the few subsequent operations few persons are 
employed. There is little differentiation of labor and therefore little opportunity 
to avoid being exposed to beryllium oxide, the compound which has been “incrimi- 
nated” in cases resulting from these operations.*™ 

There are, however, two important industries, beryllium extraction and fluores- 
cent-lamp manufacture, in which beryllium compounds other than the oxide are 
widely used. 

In one of the plants there have been 28 cases of acute beryllium pneumonitis, 
but there have been no chronic cases in the 10 yr. during which this plant has 
operated.** In a second plant, which was the subject of discussion earlier in this 
report, there have been six cases of occupational berylliosis among approximately 
1,700 employees. The total number of persons in the first plant did not exceed 
200 and the absence of chronic cases is therefore not surprising in view of the low 
attack rate in the second plant. 

We have obtained employment histories from five of the six individuals who, 
it will be recalled, worked in this plant for from one to four months. All five of 
these employees were employed at operations in which beryllium oxide was a major 
constituent of the exposure. This is highly significant in view of the fact that only 
a fraction of the employees were so exposed. The majority were exposed to com- 
pounds which precede beryllium oxide in the extraction process. These, in addi- 
tion to the ore (beryl), are beryllium sulfate, beryllium hydroxide, and beryllium 
fluoride. 

It has been reported ** that the principal constituent of the effluent from this 
plant was known to be beryllium oxide, and this compound was therefore the 
dominant contributor to the neighborhood exposure. We can conclude, for the 
nonoccupational as well as for the occupational cases from the ore-processing plants, 
that BeO was a major component of the exposure. 

The greatest number of cases of occupational berylliosis have occurred in the 
fluorescent-lamp manufacturing plants. There has also been a smattering of cases 
from other plants in which beryllium phosphors have been handled, such as neon- 
tube and cathode ray-tube manufacture. 

The Massachusetts series, originally reported by Hardy and Tabershaw,° is 
the largest single group of cases attributable to these phosphors. It has been 
observed ** that in all of these cases the phosphors to which the patients were 
exposed were those in use prior to 1942, during which time the phosphor con- 
tained about 12% beryllium oxide. In May 1942 the wartime requirement for 
beryllium became such that in this plant the beryllium oxide content was restricted 
to about 2%. No cases have developed among employees who were hired sub- 
sequent to the adoption of phosphors with a 2% beryllium oxide content. 


21. Carmody, M.: Personal communication to the authors. 
22. Williams.4” Morse.5¢ 
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The sudden cessation of new cases can be explained from the quantitative point 
of view by assuming that the sixfold reduction of the beryllium content of the 
phosphor resulted in sufficient decrease of the beryllium contamination of the air 
to prevent cases from developing subsequently. However, a qualitative explana- 
tion is also available, and it seems all the more attractive because the occurrence 
of berylliosis in this plant was not merely reduced but was eliminated so far as 
is known. 

Berylliosis has occurred in a number of other plants using beryllium phosphors, 
but the reports have been sporadic and no single series of cases has appeared which 
is comparable in size to that which occurred in Massachusetts. One company, with 
8,000 people employed in the manufacture of lamps using a 4% beryllium oxide 
phosphor, reported two possible cases in 1947.°¢ Other cases have been reported 
singly or in pairs. 

The phosphor, usually written ZnBeMg(SiO,)Mn, is prepared by firing the 
individual metallic oxides with silica. Fonda has shown from X-ray diffraction 
studies ** that the solubility of beryllium silicate in the zinc silicate host lattice is 
limited to 30 molar per cent for phosphors having up to 1% manganese, and that 
the solubility decreases with increases in Mn content. The limit of solubility of 
BeO in zinc-beryllium-manganese phosphors is thus no greater than 6.8% by 
weight, and would be lower in the case of phosphors containing MgO or more than 
1% Mn. An excess of BeO can react with SiO, to form Be,SiO,, but Fonda called 
attention to the difficulties involved in reacting all of the BeO at 1150 C., the 
temperature at which many commercial phosphors are prepared. The presence of 
free beryllia is a distinct possibility in phosphors in which the percentage of BeO 
in the original mix exceeds its limits of solid solution. 

Unfortunately, the compositions of the many commercial phosphors have not 
been reported, and it is not possible to do more than speculate as to the role of free 
beryllia in all the cases reported from the lamp industry. The fact that the affected 
individuals in the extraction plants were all exposed to BeO and that no known 
cases have developed among employees who were exposed exclusively to other 
compounds, makes it worth while to inquire as to the composition of the phosphors 
that have been used. In the absence of published information about the composition 
of these phosphors, this question must remain a matter of conjecture, 

The hypothesis is one which ordinarily could be tested in the laboratory. Unfor- 
tunately, the disease cannot yet be reproduced in experimental animals, although 
Dutra recently succeeded in producing beryllium granulomas in porcine skin by 
implanting a phosphor.’ He reported that the phosphor contained 33.33% beryllium 
oxide, which would identify this material as one containing free beryllia. Parallel 
experiments with pure beryllium oxide and beryllium metal produced nonspecific 
granulomas but not the characteristic lesion which is seen in beryllium workers. 

The suggestion that free beryllium oxide is exclusively responsible for berylliosis 
assists the epidemiology of this disease to assume a more understandable pattern. 
It partially explains why the incidence of the disease is low in ore-processing plants, 


23. Fonda, G. R.: The Constitution of Zinc Beryllium Silicate Phosphors, J. Phys. Chem. 
45:282, 1941. 
24. Footnote deleted by the authors. 
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and it seemingly provides a logical reason why in some fluorescent-lamp plants the 
disease is found to be prevalent, in contrast to those plants in which the disease 
is absent. 

Il. MEDICAL ASPECTS 


There is now on the part of toxicologists, industrial hygienists and clinicians 
who have had experience with berylliosis an almost unanimous acceptance of the 
evidence that beryllium is the essential etiologic factor in the production of the 
various pathologic effects. The recognition of this relationship developed initially 
from the fact that beryllium was the only “common denominator” of certain char- 
acteristic syndromes found in occupationally diverse operations scattered over a 
wide geographic area.** As noted above, while certain of the effects were consistent 
with the concept of an occupational intoxication, others failed to conform to recog- 
nized principles, and this discrepancy, sufficiently striking to cause some observers 
to deny that beryllium played the central role in the causation of the disease, was 
a disturbing and perplexing feature in varying degree to those who accepted the 
beryllium etiology. Prominent among the dissonant factors were: 


1. A marked disparity between the magnitude of the exposure (the effective 

dose) and the incidence of the disease. 

2. Levels of exposure considerably below what would be considered significant 

for other occupational toxins have caused severe or even fatal disease. 

3. The considerable delay in some cases between the exposure period and the 

onset of the disease. 

4. The disparate relation at autopsy between the beryllium content of the lung 

and the severity of the pathologic effects. 

5. The failure to reproduce the characteristic disease in experimental animals. 

These characteristics are not compatible with the concept of straight chemical 
intoxication. With the information accumulated during the past five or six years 
and a much more accurate characterization of the associated environmental condi- 
tions, a reexamination of other well-defined and accepted pathologic principles 
suggests a reasonable and effective hypothesis for beryllium disease. The evidence 
suggests that all the manifestations can be explained by two general types of 
reaction: (1) a regular, primarily irritant, chemical intoxication and (2) a modified 
immunologic response in which beryllium is the specific allergen. In some instances 
both mechanisms may be involved. This hypothesis will be discussed in this report, 
in relation to the variety of toxic manifestations associated with beryllium, and their 
epidemiologic, clinical, and pathologic characteristics. 

Classification of Beryllium Disease-——The principal manifestations of beryllium 
disease can be classified as to the organ and system involved. There will not be 
uniform acceptance of the classification, particularly with respect to the designation 
of berylliosis as “the chronic form of the respiratory tract disease.” This was done 
not with the intention of ignoring the evidence that other organs and tissues of the 
body are involved in this syndrome, but to avoid at this point the dispute as to 
whether the lung lesion is the only significant one or merely the site of the greatest 
inflammatory reaction, with systemic effects of equal or greater importance. Such 
a classification, previously suggested by other investigators, involves two systems: 
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I. The Integument (skin and external eye tissues) 

A. Contact, eczematoid dermatitis 
B. Beryllium ulcer 
C. Beryllium granuloma (subcutaneous ) 
D. Lesions of the skin of patients with berylliosis 
E. Inflammatory lesions of conjunctiva and cornea 

. The Respiratory Tract 
A. Rhinitis-tracheitis-bronchitis 
B. Acute pneumonitis 
C. Berylliosis or “chronic pulmonary granulomatosis” 


Various characteristics of this classification are shown in Table 1. If each of these 
manifestations is examined as to its conformance to the patterns which are readily 
recognized and accepted for other occupational intoxications, a division into two 
general classes or types can be made. 

Manifestations Consistent with Accepted Occupational Disease Concepts.—In 
the first type, including acute involvement of the respiratory tract (the rhinitis- 
tracheitis-bronchitis syndrome and the pneumonitis) and certain of the skin and eye 
manifestations (the conjunctivitis, certain cases of the contact dermatitis, the super- 
ficial cutaneous ulcers), there is a relatively narrow range as to the dose or amount 
of beryllium which apparently will produce the injury in nearly all of the subjects. 
For example, if a given minimum level of exposure is effective in causing the lesion, 
a tenfold or a twentyfold increase results in effects of comparable or greater severity 
in the majority of the exposed persons. This type of dosage-effect relationship is 
compatible with the concept of a regular chemical intoxication and is the acceptable 
explanation in the great majority of industrial and drug poisonings. 

Objection may be raised to the inclusion of the acute pneumonitis in this charac- 
terization in the light of the observation of DeNardi and co-workers ** that “the 
magnitude of exposure was apparently related in some cases to the occurrence and 
severity of disease, while in others no such relation could be established” (italics 
ours). However, it has been observed by others ** that only concentrations in excess 
of 100 y/cu. m. produced the pneumonitis and that levels of soluble beryllium 
compounds in excess of 1 mg./cu. m. consistently produced cases among almost all 
personnel. In the animal experiments with inhaled beryllium sulfate, the injury 
was directly proportional to the magnitude of the exposure, with the variability 
of individual subjects as expected in such a study.” 

It is chiefly among the cases of “insidious onset” that the dose-effect discrepancy 
occurs. It has been observed repeatedly with other pulmonary irritants, such as 
phosgene and phosphorus oxychloride, when the exposures were irregular in 
occurrence, duration, and concentration that cases of pneumonitis of marked severity 
appeared after apparently small and brief exposures. In many instances, at least, 
there is a clear history of other significant episodes of inhaling the irritant gas 


25. DeNardi, J. M.; Van Ordstrand, H. S., and Carmody, M. G.: Acute Dermatitis and 
Pneumonitis in Beryllium Workers, Ohio M. J. 45:567, 1949. 


26. Stokinger, H. E., and others: Acute Inhalation Toxicity of Beryllium, Arch. Indust. 
Hyg. 1:379-397 (April) 1950. 
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TasLe 1.—Classification of Beryllium Disease* 


I. Intecument anp Externat Eye Tissve) 
A. Contact eczematoid dermatitis 
1. A typical contact eczematoid dermatitis following the characteristic pattern as to site, type, and 
variety of lesions (DeNardi and others *5; Curtis **) 


2. “Lesions characterized by spongiosis and vesiculation of the epidermis . . . characteristic of 
cutaneous allergic eczematous reactions” (Curtis 
3. 


Among individuals exposed to soluble beryllium compounds in ore-reduction operation: over 25% 


of new employees exposed to BeF2 (DeNardi and others 25); 7% of total plant employees (Van 
Ordstrand 27>). 


Beryllium sulfate; beryllium fluoride; ammonium beryllium fluoride. 
5. Frequently occurs within first few weeks of exposure; rarely in less than 3 days. 


Experimental cutaneous sensitization was produced in guinea pigs (the lesion which in this 
species is the counterpart of human sensitization dermatitis). (See footnote 31 in text.) 


. This manifestation conforms to a pattern which is well recognized for other industrial eom- 
pounds which are both primary irritants and relatively potent cutaneous sensitizers or allergens. 


B. Beryllium ulcer 
1. A sluggish, indolent, hypertrophic lesion occurring usually on hands or forearms after contami- 
nation of abrasions or superficial lacerations. 


2. Epithelial and fibroblastic proliferation characteristic of a superficial cutaneous foreign-body 
reaction (DeNardi and others #5). 


8. In ore-reduction operation: ineidence fairly high following obvious contamination of skin break. 
4. Beryllium fluoride. 


5. Frequently oceurs in days to weeks after initial injury, sometimes after lesion has apparently 
healed: may persist for weeks to moaths unless beryllium is removed; then healing in 7 to 14 


> 


days. 
e 6. Similar lesions produced experimentally in animals coincident to inhalation of beryllium fluoride 
and beryllium sulfate. 
t . 7. Conforms to recognized pattern of lesions in which there is contamination of a wound with a 
4 primary irritant although it may persist longer than with most other materials. 
C. Beryllium granul (subcut ) 


1. A low-grade granulomatous subcutaneous lesion oceurring at the site of a beryllium-phosphor 
implant, oceasionally undergoing central necrosis and discharging through a chronic sinus tract. 
2. “A characteristic granuloma, composed of epithelioid cells and containing moderate numbers of 
giant cells . . . large foci of fibrinoid necrosis are characteristically present, some partially 
healed’ (Freiman 27*), 
8. Ineidence difficult to determine, although there have been a number of instances of skin pune- 
ture probably with contamination and no subsequent lesion. 
. Associated with lacerations by glass contaminated with fluorescent-lamp phosphor (zine beryl- 
lium silieate) and following implant of metallic beryllium (Grier and others **; Dutra **). 
. Onset weeks (usually 2 to 4 mo.) after initial implantation, frequently following apparent heal- 
a ing of wound. Lesion persists months or years unless beryllium implant is removed. Where 
4 there are multiple implants, granulomas usually develop about the same time (even though 
a lesions are in the opposite extremity). 
6. Beryllium granulomas produced in skin and subcutaneous tissues of pig following implantation 
of phosphor powders; an interval of at least 1 mo. between implantation and granuloma 
formation (Dutra *). 


7. Sporadie occurrence and delay of onset not characteristic of the usual primary-irritant or 
foreign-body-implant reaction. 


D. Lesions of the skin of patients with berylliosis 


1. A granulomatous lesion of the skin, related in character to the pulmonary lesion, and occurring 
in individuals in whom beryllosis has developed. 


3. Lesions found in only a few cases of beryllosis (in 2 of 17 cases) (Hardy and Tabershaw *). 
4 4. Associated with berylliosis following exposure to fluorescent phosphors. 


5. Lesions develop concurrently with pulmonary lesions—months to years after initial exposure 
(Pyre and Oatway **). 


6. Since berylliosis has not been produced in animals—no observations. 


4 7. The occecurrence of these lesions does not conform to the usual pattern of a chronic occupa- 
tional disease. 


E. Inflammatory lesions of the conjunctiva and cornea 


1. An acute inflammatory reaction of conjunctiva, with superficial ulceration and edema of cornea, 
frequently associated with acute dermatitis. 


ff 3. In ore-reduction operations, the incidence of conjunctivitis is somewhat lower than that of 

4 , dermatitis; corneal lesions, infrequent. Incidence in oxide and metal operations not reported. 
— 4. Occurrence with same materials which produce contact dermatitis. 

. Onset. duration, and recurrence as for contact dermatitis. 


Produced coincidentally in acute inhalation experiments with beryllium fluoride and beryllium 
sulfate. 


7. Conforms to recognized pattern for other irritant industrial dusts. 
Il. Respiratory TRAcT 
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1.—Classification of Beryllium Disease*—Continued 


A. Rhinitis—tracheitis—bronchitis 


1. An acute or subacute inflammation of membranes of the respiratory tract, varying in site from 
the nose to the bronchi, and in degree from a mild transient erythema and edema to severe 
congestion, with fissuring, ulceration, and tendency to bleed readily (Van Ordstrand 5*), 


2. 


8. In ore-reduction operations: 25% of employees in contact with fumes and dusts; 4 to 5% of total 
plant employees (Van Ordstrand 27»). 


4. Beryllium sulfate; beryllium fluoride; ammonium beryllium fluoride. 

5. Varies from rapid to insidious onset; with medical care and cessation of exposure, subsides in 
from 7 to 28 days (DeNardi and others *5). 

6. Lesions of the upper respiratory tract and of the bronchi, similar in character to those found 
in the human patients, have developed in animals after inhalation of beryllium sulfate (Sto- 
kinger and others 2*). 

7. In some cases the response is proportioual to the degree of exposure, although others do not 
appear to follow such a regular dose-response curve pattern (DeNardi and others *5). In gen- 
eral, the reaction is compatible with that for other common industrial irritants. 


B. Acute pneumonitis 


1. An acute to subacut itis, characterized by increasing dyspnea, cough, tightness of the 
chest, substernal pain, anorexia, weight loss, weakness, and varying degrees of cyanosis. The 
physical signs include diminished vital capacity, acrocyanosis, fine-to-coarse sibilant rales, rapid 
= rate, and, frequently, normal temperature. Roentgenologie findings are usually a peri- 

ronchial haziness and punctate infiltration throughout the lower lung fields or, in severe cases, 
consolidation with a “snow flurry” effect (DeNardi and others 25). 

2. An organizing pneumonitis with intra-alveolar and interstitial fibroblastic proliferation. In the 
intra-alveolar exudate plasma cells vary with lymphocytes in predominance, with rare poly- 
morphonuclear cells; fluid varies from abundant to slight. 

3. In an ore-reduction operation: in higher-exposure operations 10+%; in plant, all employees, 3% . 
(Van Ordstrand 27»), 
In one beryllium oxide operation (low-temperature calcining): about 30%. 

In fluorescent-lamp industry (all cases in higher-exposure operations): 0.1 to 0.2%. 

4. Beryllium sulfate; beryllium fluoride; Ammonium beryllium fluoride; beryllium oxide. 

5. Symptoms may appear in a few hours after an acute and obvious exposure, grading to an 
insidious onset from repeated or prolonged exposure to lower levels of exposure. Recovery in 
from 1 to 12 weeks, rarely with any prolonged or permanent residual. On return to work a 
few patients have had another attack, but others have continued in the regular employment 
without further occupational illness (DeNardi and others 25). 

6. Acute beryllium pneumonitis, with lesions closely resembling those found in human patients, has 
been produced in several animal species with beryllium sulfate and beryllium oxide (Stokinger 
and others 2¢; Hall and others 7). 

7. In the cases developing after a single acute incident, the response is.generally related to the 
magnitude of the exposure and conforms to the accepted pattern for a gree pneumonitis 
due to a primary irritant (Eisenbud and others **). In the more insidious types of the disease 


the dose-response relationship is less clearly established, but is not neameeeitie with the experi- 
ence for other irritant, nonsensitizing industrial toxins. 


Cc. 


Berylliosis or “chronic pul y 9g lomatosis”’ 

1. A chronic disease characterized by loss of weight, weakness, anorexia, fatigability, increasing 
dyspnea, nonproductive cough. Prominent physical findings are diminished vital a goons 9 
cyanosis, clubbing of fingers, with signs of increasing congestive circulatory failure. The most 
significant feature of the roentgenogram is a uniform distribution of fine granulation, with 
variation from a relative “ground glass’ appearance through a diffuse reticular pattern to 
distinct nodulation superimposed on the granular background. 

2. The major pulmonary lesion is a “focal granulomatous reaction composed largely of epithelioid 
eells and occasionally multinucleated giant cells ... which may undergo central necrosis or 
become sclerosed and hyalinized.” ** A similar granuloma is found in the regional lymph nodes 
and at times in the liver and the spleen, and also in the skin of patients following accidental 
introduction of beryllium compounds. 


3. In an ore-reduction operation: 0.1 to 0.38%. In a fluorescent- = operation: with 12% phosphor, 


4%; with 2% phosphor, 0. In the neighborhood case series: 

4. Beryllium oxide; Zine beryllium manganese silicates. 

5. Cases rarely develop until some months after the initial exposure; many cases have occurred 
months to years after termination of occupational exposure. The disease usually remains in an 
active state, regressing only moderately from the most severe stage, or progressing to a fatal 
outcome. There are no recorded instances of a patient returning to work with beryllium after 
a disabling stage of the disease has been diagnosed. 


6. The ee which is characteristic of the human disease has not been produced experimentally in 


7. The pattern of the disease does not conform with the usual concept of a chronic occupational 
intoxication. 


* The table lists under the various heads the following: 
1. A brief description of the lesion. 

2. The essential histological characteristic. 

8. The incidence in relation to the type of pational 
4. Forms of beryllium associated with the injury. 

5. The time of onset, the duration of the process, and the effect of continuing exposure. 
6. Experimental production of the condition. 

The conformity with the accepted pattern of an occupational disease. 
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in preceding days, with the reasonable assumption that the final incident aggravated 
a residual acute or subacute injury with the production of a more severe lung 
inflammation than would have occurred from the final insult alone. This is further 
corroborated by the observation that lungs which have sustained an acute pneu- 
monitis due to an irritant gas frequently are much more easily irritated for some 
weeks by concentrations which have little or no effect on the normal lung. This 
“cumulation of injury” effect may appear to alter the dose-response curve by 
extending the dose limits which will cause a given injury in a population. 

Another factor which may confuse the dose-response interpretation is the 
relatively prolonged interval between the actual exposure and the beginning of 
symptoms (presumably, the delayed development of a significant degree of inflam- 
mation ), compared with that of other, familiar occupational causes of acute chemical 
pneumonitis. With chlorine, for example, the insult which results in severe or fatal 
chemical pneumonia produces immediate symptoms of irritation, and although there 
may follow a brief period of relative comfort, the signs of increasing pulmonary 
involvement follow in a few hours. With a single acute incident of exposure to 
phosgene and phosphorus oxychloride the “latent period” for even a fatal pneu- 
monitis may be more prolonged, but rarely is more than 12 hr. With beryllium this 
asymptomatic period may be 72 hr. or longer.*® Such a delayed reaction, with the 
possibility of multiple insults before the injury becomes obvious, increases the 
difficulty of assessing the effective exposure. 

There is abundant information to support the interpretation that beryllium is 
both a primary irritant and a “sensitizer” ** so far as dermatologic manifestations 
are concerned. The skin-sensitizing effect greatly increases the dose range at which 
injury may occur, but this phenomenon is now quite generally recognized by derma- 
toiogists and is accepted as a mechanism of occupational dermatitis. 

Manifestations Inconsistent with Accepted Concepts of Occupational Disease. — 
A second general class will include those manifestations in which there is a con- 
siderable disparity between the effective dose and the incidence and the severity of 
the lesions. Here the disease does not follow the pattern of the more generally 
recognized occupational intoxications. Berylliosis is the striking example of this 
group. The subcutaneous granuloma and the granulomatous lesions found in the 
skin in some cases of berylliosis can possibly be included in this category. Some 
of the cases of eczematoid dermatitis would fall in this class because of an apparent 
discrepancy in the dose-response relationship for a primary-irritant dermatitis, 
but, as noted above, the recognition of this type of reaction with other occupational 
materials permits its acceptance as an industrial disease. 

With berylliosis there is an abundance of data to indicate the tremendous differ- 
ence in the reactions of individuals at given exposure levels. Certain individuals 
with exposures incredibly small both as to concentration and as to time may present 
severe or even fatal disease, while others under similar or much greater exposures 
will show no sign of injury. This pattern is not compatible with that of other 
common chronic industrial intoxications, such as silicosis or heavy-metal poisoning. 
This enigma has resulted in the postulation of an “X factor,” with an explanation 


27. (a) Freiman, D. G.; (b) Van Ordstrand, H. S., and (c) DeNardi, J. M.: Symposium 
on Current Knowledge of Disease Encountered in the Handling of Beryllium and Its Com- 
pounds, Boston, Jan. 18, 1950. Curtis.2¢ 
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sought in the conjunction of another material or element operating with beryllium 
to cause the disease or in a host-response modification of a type not presently 
recognized. 

The idea that certain characteristics of beryllium disease could be explained 
on an “allergic” basis has been expressed repeatedly. The rejection of this thesis, 
or at least the failure to develop it adequately, is readily understandable in view of 
the unfamiliarity with the extended concept of acquired sensitization, the nature of 
simple chemicals in modifying the antigen-antibody reaction, and the resulting 
pathologic effects. The role played by this mechanism in many contact dermatoses 
due to simple chemical compounds is recognized generally by dermatologists and 
allergists, but, if one is to judge from the manner in which these dermatoses are 
handled, it is little appreciated by many other segments of the medical profession. 
An understanding of the more recent and broader concepts of the role of simple 
chemical compounds in certain immunologic phenomena may be of value in explain- 
ing the apparent inconsistencies. 

Role of Simple Chemical Compounds in Modifying Immunologic Reactions.— 
The extensive literature on the modification of the antigen-antibody reaction by 
simple chemical compounds is superbly summarized in the classic work “The 
Specificity of Serological Reactions” by Karl Landsteiner.** (No attempt will be 
made to give specific references to the original sources of this material; many are 
included in the Landsteiner monograph.) Some of the essential principles are: 

1. Certain simple chemical compounds combine with protein in the body to 
become antigenic. These antigens stimulate antibody formation, and any subsequent 
reaction of antigen-antibody shows the highest degree of specificity for the particular 
modifying chemical moiety. The capacity of a simple chemical to activate an 
immunologic reaction in this manner varies greatly, and two isomers, or closely 
related homologues, may behave quite differently. Although related compounds 
may give cross reactions, the one which produced the sensitization has the greatest 
response, the highest specificity. The simple chemical fraction is called the 
“allergen,” the term “antigen” being reserved for the simple chemical-protein 
combination which is apparently essential in stimulating antibody formation. 

2. The essential modifying role of simple chemicals has been demonstrated by 
eliciting characteristic systemic and cutaneous immunologic responses—in vivo by 
typical anaphylactoid and local inflammatory reactions, and in vitro by precipitin, 
agglutinin, hemolysin, inhibition, and complement-fixation techniques. In these 
phenomena, the stimulation of antibody formation results only from the production 
of the simple chemical-protein conjugate, this conjugate being formed either in the 
body or in vitro by chemical conjugation before administration. However, after 
antibodies have been formed, the simple chemical fraction alone may combine with 
the antibody to produce specific reactions. 

3. With the development of these simple chemical-specific antibodies so that 
subsequent presentation may result in the physiopathologic reactions described 
above, the animal is said to be “sensitized” or, in a strict use of term, “allergic.” 
This sensitization is “acquired.” In the nonsensitized animal the initial dose or 


28. Landsteiner, K.: The Specificity of Serological Reactions, Cambridge, Mass., The 
Harvard University Press, 1946. 
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certain respects. 


It is now considered that the capacity of an animal to become sensitized is a 
normal function, distributed in a healthy random population in approximately a 
gaussian form (based on animal cutaneous sensitization studies, admittedly incom- 
plete for this purpose).*° The inheritance of the capacity to become sensitized has 
been demonstrated by the breeding of “high’-reacting and “low”-reacting strains 


of guinea pigs. 


There is a considerable variation in the sensitization response of individuals to 
two or more potent sensitizing compounds applied to the skin at the same time. 
One person may react strongly to one compound while showing little or no sensiti- 
zation to the other ; while another individual may reverse this relationship, and this 
acquired relative disparate response may persist for some months, as evidenced 
by consistent patch-test reactions. 

Species differences in immunologic reactions are considerable. The rabbit, a 
satisfactory producer of circulating antibodies, is a poor subject for demonstrating 
cutaneous allergy. The guinea pig, of the common laboratory animals, is the subject 
of choice for skin sensitization experiments. Where conditions of exposure can be 
reasonably related, the quantitative response of the guinea pig’s integument corre- 


lished data. 


doses may produce no effect (unless in a primarily irritant concentration), but 
after sensitization has occurred, the same or even a much diminished dose may 
result in anaphylaxis or pronounced inflammation. 

4. Specific tissues or organs may become sensitized while other parts of the 
body show little or no effect from the specific allergen or antigen. When a “shock” 
response is produced, these tissues become severely affected, while other organs 
may be little involved by the direct immunologic reaction. Examples involving 
simple chemical compounds: (1) Individuals whose skin is sensitive to poison ivy 
may show no reaction to a potent extract applied to mucous membranes; (2) 
persons whose skin is sensitive to iodoform may exhibit no effect from iodoform 
instilled into deep wounds or into the vagina. 

5. Of the simple chemicals which have been demonstrated to possess sensitizing 
properties, by far the greater number are organic compounds, such as paraphenyl- 
enediamine, 2, 4-dinitrochlorobenzene, picryl chloride, and natural products, such as 
urushiol, the active agent of poison ivy. Certain inorganic elements, such as mercury 
and nickel, have also shown definite sensitizing potency. The ability of a chemical 
to combine with protein does not make it an allergen; the modified protein must be 
antigenic (i. e., it must stimulate antibody formation), and the antigen-antibody 
reaction must be specific for the simple chemical entity. 

The sensitizing capacity is not an “all or none” function; chemical substances 
can be graded as to their allergenic potency from very strong to negative. 

6. While these immunologic phenomena may have a useful function as a defense 
reaction of the organism, the modification of the mechanism by simple chemical 
compounds, specific though it is, is probably fortuitous and generally appears to 
result in injury. There is evidence that this simple chemical allergenic effect may 
differ from the hay fever-asthma syndrome due to ragweed and other pollens in 


29. Eastman Kodak Company, Laboratory of Industrial Medicine, Rochester, N. Y.: Unpub- 
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lates well with human experience.”* The greatest degree of reaction observed in 
the guinea pigs, even with various methods of enhancement, never approaches the 
extreme degree of reactivity observed in highly sensitive human subjects. 

7. The capacity to become sensitized to simple chemical compounds may be 
markedly enhanced or diminished by certain activities. Interference with the 
optimal growth and well-being of the animal, such as a deficiency of ascorbic acid 
or an infection, reduces the sensitizing effect. Oral administration of a sensitizing 
material prior to the attempt to produce cutaneous sensitization may notably 
diminish this reaction. Skin sensitization results irregularly and in low degree from 
intraperitoneal administration of a potent simple chemical-protein conjugate antigen 
(although a high titer of circulating antibody may be produced) ; but when killed 
tubercle bacilli are injected at the same time, the skin sensitivity may be greatly 
increased. The application of a nonprimarily irritant concentration of a sensitizer 
to an inflamed area of skin (where the inflammation has resulted from a primary 
irritant such as cantharidin) enhances the subsequent sensitization. Similarly, the 
use of a primarily irritant concentration of a sensitizer increases the probability 
of producing a sensitization response. 

8. The quantitative aspects of some of the sensitization phenomena are impor- 
tant. The relation of sensitizing dose to antibody titer for bacterial antigens is well 
recognized. There is, however, a maximum antibody response, produced by a 
certain rate and magnitude of antigen administration, and additional antigenic 
stimulation is not effective in raising the level but actually may result in a decreased 
antibody concentration. With simple chemical compounds it has been shown that 
for a particular sensitizer a certain minimal concentration per unit area is required 
to produce cutaneous sensitization. As with bacterial antigens, there is an increasing 
sensitizing effect with increasing concentration of a skin allergin only to a certain 
level. In an experiment involving the transfer of circulating antibodies from a 
sensitized animal to a nonsensitized one and the subsequent injection of the specific 
simple chemical and the simple chemical-protein conjugate (a Prausnitz-Kiistner 
reaction), reaction rates for the combination of the allergen and the protein have 
been obtained for such compounds of varying biochemical reactivity as acyl 
chlorides, picryl chloride, and 2,4-dinitrochlorobenzene. 

Evidence for the Sensitizing Property of Beryllium—tThe evidence that beryl- 
lium is capable of modifying the antigen-antibody reaction is solely from the derma- 
tologic field, but is irrefutable. The most complete organization of the data is by 
Curtis,’* who has shown that the majority of the cases of contact dermatitis occur- 


ing in an ore-reduction operation are of an allergic eczematous type. The following 
are some factors cited: 


1. With the first exposure to beryllium there is a delay of from three to 14 
days in the onset of dermatitis. 

2. In nonsensitized individuals, a stimulating patch test with inorganic and 
organic beryllium compounds is followed by a spontaneous flare-up dermatitis 
at the patch test site six to 10 days after initial application, with negative 
results for other metallic salts with similar acid radicals and pH reactions ; 

3. Nonprimary irritant concentrations of beryllium solutions gave positive 


patch-test reactions in cases of beryllium dermatitis but negative ones in 
control cases ; 
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4. The histopathology of the dermatitis and positive patch tests is consistent 

with that of characteristic cutaneous allergic eczematous reactions. 
An inadvertent and moderately severe sensitization dermatitis occurred in a 
human subject when a nonprimary irritant solution of beryllium nitrate was 
applied to the intact skin.*® An initial application of a 4% aqueous solution was 
made on a small area of the forearm, followed in four days by another application 
on a similar area of the other arm. An erythema dose of ultraviolet radiation given 
to the second application area may or may not have influenced the subsequent 
reactions. Thirteen days after the initial application there developed acutely a severe 
eczematous dermatitis at all sites where the beryllium salt had been applied. The 
severe inflammation remained unchanged for two weeks, subsiding slowly over a 
period of two or three months. In view of the absence of further exposure the 
persistence of the inflammatory reaction suggests that there may have been a source 
of antigenic beryllium residual at the sites many days after the initial application. 

Cutaneous sensitization has been produced experimentally by topical application 
in the guinea pig.** Initial applications of a nonprimarily irritant solution of a 
beryllium salt have resulted in a sensitization reaction as demonstrated by the 
subsequent inflammation from this same solution applied after a three-week period 
to a previously uncontaminated area. 

Histopathology of Chronic Sensitization Reactions—The role of allergy (in the 
sense of an acquired immunologic reaction) has been extended in recent years to 
cover a variety of disease processes of previously uncertain etiology. The concept, 
which was limited in common usage to “acute” syndromes, such as anaphylactic 
reactions, serum sickness, hay fever, asthma, and the like, now includes certain 
chronic conditions. With this extension, the granuloma was added to the essential 
histopathologic lesions in allergy. Frequently overlooked is the fact that tubercu- 
losis is probably the most common of the allergic diseases. Bohrod,** in discussing 
the histology of allergic reactions, referred to Rich’s conclusion that “the character- 
istic tubercle occurs as a reaction to tubercle bacilli only after sensitization to tubercle 
bacilli has been established” and pointed out the likelihood of the necrosis being 
entirely the result of tuberculoprotein acting in a sensitized subject. In developing 
the classification of the chronic granulomatous allergic reactions he stated, “The 
essential structure of all allergic granulomas consists of a central area of necrosis 
surrounded by proliferated reticulo-endothelial cells which often assume a radial, 
palisaded arrangement.” It cannot be expected that the histology of lesions due 
to allergic reactions will be pathognomonic, that is, that they will be distinguished 
in form from other, nonallergic inflammations. “The characteristic of allergic 
inflammations apparently is their velocity and duration, and similar lesions may be 
the result of other than allergic stimuli if the velocity and duration are the same.”* 

Of the histologic lesions described in berylliosis, the granulomatous reaction in 
the lung is the most striking and the most destructive.** All stages of granuloma 


30. McCord, C. P.: Personal communication to the authors. 
31. University of Rochester Atomic Energy Project: Unpublished data. 


32. Bohrod, M. G.: Classification of Histologic Reactions in Allergic Diseases, Am. J. 
Med. 3:511, 1947. 


33. Macmahon, H. E., and Olken, H. G.: Chronic Pulmonary Berylliosis in Workers Using 
Fluorescent Powders Containing Beryllium, Arch. Indust. Hyg. 1:195-214 (Feb.) 1950. 
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development have been described in the same lung, from a small, compact collection 
of histiocytes to large, coalesced masses with advanced central necrosis and cavity 
formation. The granuloma and the other described lesions noted are not incom- 
patible with an allergic origin. 

Comparison of the Incidence of Berylliosis and Sensitization Disease —The 
incidence of berylliosis in relation to exposure factors is one of the most confusing 
aspects of this disease. This is exemplified by the above observation that the six 
known cases of berylliosis occurring in an ore-reduction operation were all asso- 
ciated with relatively short exposures. The observation that some persons have had 
serious or even fatal results from relatively minimal exposures while others have 
remained free from the disease despite massive and prolonged exposure is generally 
credited. 

The effects of a sensitizing stimulus on a population are directly correlative 
within the limits of the minimal dose required to produce a response and the 
maximal level which apparently stimulates the greatest antibody formation. The 
nonoccupational cases referred to above show a direct relation between the incidence 
of the disease and the level of exposure. Since no cases attributable to the plant 
effluent occurred beyond the 34-mi. radius, it is suggestive that the dose at this 
point approximates the lowest effective sensitizing stimulus for the given set of 
conditions. It is not possible to predict from these data the upper level which can 
be expected to produce the maximum sensitivity, i. e., the level above which addi- 
tional exposure produces no higher antibody titer—and presumably no greater 
capacity for tissue inflammation. 

Additional but less reliable information relating incidence of the disease in fairly 
large populations to the effective dose is given by the reported experience with 
fluorescent phosphors of varying beryllium content. The data concerning the 
exposures are scanty, and accurate attack rates are difficult to obtain, so that the 
rough comparison can be made only on the relative difference of beryllium content. 
In one fluorescent-lamp operation, with a phosphor containing 12% beryllium, the 
incidence of berylliosis was about 4%. When the beryllium content was decreased 
to 2%, no beryllium disease occurred in individuals exposed only to this material. 
Intermediate between these incidence levels is the report of two cases in 8,000 
employees in a plant where a 4% beryllium phosphor was used. 

The relationships between incidence of disease and duration of exposure have 
not been reported for the fluorescent-lamp industry. The published case histories 
make it evident that the relationship between duration of exposure and incidence 
of disease is more complex than the data given above for a beryllium-producing 
plant. An analysis of the lamp cases would be complicated by the fact that cases 
appear to have originated only from the period when the high-beryllium phosphor 
was in use. The effect of exposure to the subsequently used 2% phosphors would 
be difficult to evaluate in cases in which the disease developed in individuals who 
were exposed to both the low- and the high-beryllium phosphors. 

The fact that all the six cases described above occurred among employees having 
less than four months’ exposure and the corollary fact that the disease did not 
occur among employees with longer service in an industry where the levels of 
beryllium to which they were exposed are inherently higher than in other industries 
in which berylliosis has developed suggest that continuing high-level exposure 
confers some protective factor. The only analogy in occupational medicine is the 
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observation that with highly skin-sensitizing materials, like tetryl, many individuals 
in whom an initial dermatitis develops appear to become desensitized, or at least 
are able to undergo further contacts without continuance of irritation. This phe- 
nomenon is commonly recognized as “hardening.” Many dermatologists doubt that 
it occurs as a real “desensitization,” and it has not been produced experimentally. 

Are there other disease entities, with well-defined and accepted pathologic 
principles, which present an incidence pattern consistent with the above berylliosis 
characteristics? An analogy is found in certain types of sensitization (acquired- 
immunologic-effect ) dermatitis. With cutaneous allergens such as tetryl (a “booster” 
explosive encountered in shell-loading operations) or 2-amino-5-diethylamino- 
toluene (the active developing agent in kodachrome® processing), the great 
majority of the cases of sensitization dermatitis occur in the first few weeks or 
months of exposure, but very rarely in the first few days. The experience with the 
contact dermatitis due to beryllium that “over 25 per cent of new employees in 
contact . . . with beryllium .. . show varying degrees of allergic-like dermatitis 
(which) appeared . . . in from three to ten days after initial exposure” ** is even 
more pertinent. Immunologic phenomena of this type frequently involve the 
majority of those reacting within a relatively short time. The remaining cases may, 
however, develop over many months or years in continuing exposure. Experience 
with metol, the common “black and white” photographic developer, well illustrates 
this point. Many individuals with a considerable and daily contact may show no 
sign of skin irritation for years, and then abruptly, having become sensitized, may 
be unable to have any further contact without incurring a dermatitis. There is no 
satisfactory explanation as to the marked variability in time for acquiring the 
sensitization. In all of the instances noted above, the materials are of relatively 
high potency so far as this concerns cutaneous sensitizing effect. 

Of other simple chemicals which are allergenic, some produce sensitization in 
only a very small percentage of the people exposed. This is true for substances 
which produce systemic sensitization, such as acetylsalicylic acid with its very low 
attack rate, and for cutaneous sensitizers such as limonene, the active principle in 
certain cases of citrous-fruit-rind dermatitis. Even though in such instances the 
occurrence of sensitization is rare, the individual reaction may be very severe. 


Retention of Beryllium in the Lung.—In cases of general or cutaneous sensitiza- 
tion due to a simple chemical compound, an inflammatory reaction occurs when the 
stimulating chemical again comes in contact with the body. When the specific 
chemical is eliminated by excretion, degradation, or deposition in such a manner 
that it can no longer react with the shock tissue, the inflammation subsides. In the 
cases of dermatitis due to beryllium, the condition subsides in a few days to weeks 
following termination of exposure. Many individuals with a specific sensitization 
dermatitis may return to work with the material, and with limited exposure, have 
little further difficulty. A few, with no more severe inflammation initially, become 
very much worse, and may have to be removed from any further contact with the 
offending material. In these conditions it is assumed that removal from work with ° 
the allergen precludes further contact. 

When beryllium oxide is taken into the lung, it becomes relatively fixed in that 
tissue. From beryllium oxide inhalation experiments on animals there is evidence 
that beryllium is retained in relatively high amounts for long periods. Animals killed 
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a year after the termination of a chronic inhalation study showed a lung content 
of beryllium almost as great as that in the animals killed immediately at the end 
of the inhalation period.** This is in contrast to the beryllium sulfate and beryllium 
fluoride experiments, in which an appreciable amount of beryllium was lost from 
the lung tissue with time following the exposure period. 

Beryllium has been found consistently in significant quantities in the lung tissue 
of individuals succumbing to berylliosis. It must be remembered that the amount 
of an allergen which is needed to produce profound changes in a sensitized subject 
is extremely small. 

A Concept for the Pathogenesis of Beryllium Disease——With this background, 
a reasonable etiology of beryllium intoxication can be developed. The positive proof 
has not been produced, but the explanation of the various characteristics of the 
disease can be made plausibly from accepted pathologic principles, and the postu- 
lation of a new and presently unrecognized mechanism is unnecessary. The essential 
factors are: 

1. Certain manifestations of beryllium disease—the acute rhinitis-tracheitis- 
bronchitis syndrome, the acute pneumonitis, the beryllium ulcer, and the ocular 
inflammation—can be explained satisfactorily on the basis of a direct dose-response 
relation. There is some evidence to suggest a “hypersensitivity” factor in the host, 
but this appears of lesser significance when the variables of exposure are considered. 
The essential lesions have been reproduced in several animal species, and the degree 
of injury is directly related to the magnitude of the exposure. 

2. The contact dermatitis is the result of primary irritation and acquired sensi- 
tization. Certain of the salts of beryllium, in sufficient concentration, are direct, 
almost caustic, irritants. The great majority of the cases are due to an acquired 
sensitization, in which much smaller amounts of beryllium may effect a severe 
dermatitis. Primary-irritation and sensitization dermatitis have been produced 
experimentally in man and animals. 

3. Other manifestations—berylliosis, subcutaneous beryllium granuloma, granu- 
lomatous lesions in cases of berylliosis—present an incidence, time-of-onset, dose- 
response, and histopathologic pattern which does not conform to the usual concept 
of a chronic chemical intoxication. 

The hypothesis that the essential mechanism in these conditions is a modified 
immunologic reaction is substantiated by a considerable weight of evidence. The 
important premises are: 

1. In the body beryllium combines with protein to form an antigen, which in 
turn stimulates production of a beryllium-specific antibody. An inflammation results 
from the subsequent reaction of beryllium and this specific antibody. 

2. This reaction exhibits a high degree of organ specificity. Where the antibody 
excitation occurs in the skin, the skin is the shock tissue, and the inflammatory 
reaction develops in the skin on subsequent beryllium insult. There is abundant 
clinical and experimental data to substantiate this. By analogy, inhaled beryllium 
stimulates production of antibody in the lung, and with the lung as the shock tissue, 
further beryllium insult results in inflammation of that tissue. 

3. With beryllium, particularly beryllium oxide, retained in the lung in immu- 
nologically significant quantities for very long periods, once a “shock” response has 
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begun, it will continue with a severity dependent on the degree of sensitization of 
the tissue and on the rate at which beryllium is released from the tissue deposit 
and on the quantity released. A corollary is that beryllium oxide produces little or 
no effect until the tissue becomes sensitized, and since sensitization may occur in 
some cases only after prolonged contact, the delay between termination of work 
exposing to beryllium and the onset of symptoms is satisfactorily explained. 

4. With the degree of sensitization an important variable in the pathogenesis 
of the lesion, the disparity between the lung content of beryllium and the severity 
of the pathologic changes in the lung becomes understandable. 

5. The granuloma, the distinctive lesion in all these manifestations, is now 
accepted as a characteristic pathologic feature of a chronic allergic reaction. The 
concept that soluble beryllium is slowly and constantly released from the tissue 
deposits of beryllium oxide is consistent with the dynamics of granuloma formation 
in other chronic allergic states. 


6. Other tissues in which small deposits of beryllium may be found can exhibit 
the antigen-antibody reaction. This readily explains the presence of granulomas 
in the liver, the skin and other organs of individuals with berylliosis. It is significant 
that the skin granulomas occurring in the cases of berylliosis were not noted prior 
to the onset of the disease, but developed concurrently ** with the pulmonary 
symptoms. 

7. The systemic manifestations of berylliosis of variable pattern, but not easily 
explained by the degree of pathologic change in the lung, may well be due to 
immunotoxic reactions in other tissues. 

8. The peculiar incidence of the chronic beryllium disease finds a parallel only 
in other, well-recognized acquired sensitization or allergic disease. 

9. The failure to reproduce the disease in animals may be explained by the well- 
recognized species differences in the capacity to develop immunologic phenomena, 
with man exhibiting a degree of hyperreactivity not found in lower forms. 


III. IMPLICATIONS OF THIS CONCEPT AS TO HYGIENIC MEASURES, 
EXPERIMENTAL TECHNIQUES, AND THERAPY 


Hygienic Principles Indicated on the Basis of Present Information—The above 
sections have summarized the current knowledge of the relationships between acute 
and chronic beryllium poisoning and the environmental and pathologic factors 
which play a role in these diseases. These relationships suggest certain hygienic 
precautions which can be adopted for the protection of workers who are exposed 
to beryllium. 

The achievement of an effective prophylaxis apparently depends exclusively on 
the maintenance of standards of air hygiene which will prelude development of 
disease. Preventive measures are all the more important because of the lack of 
effective therapy for either the acute or the chronic disease. 

Maintaining proper air hygiene is a quantitative problem in which the adequacy 
of preventive procedures can be evaluated only in relation to a level of atmospheric 


34. Pyre, J., and Oatway, W. H., Jr.: Beryllium Granulomatosis, Arizona Med. 4:21, 1947; 
abstracted, Indust. Hyg. & Toxicol. 30:37, 1948. 
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contamination which is known to be safe and which can therefore be used as the 
basis for interpreting air-analyses data. 

In attempting to establish even tentative criteria of air hygiene for control of 
the chronic disease one is faced with a dilemma. Although Eisenbud and associates * 
have recommended on the basis of their studies that the monthly average concen- 
tration in the vicinity of extraction plants be maintained at less than 0.01 y/cu. m., 
their report emphasizes the absence of any justification for extending this recom- 
mendation to include occupational exposure. The limited occurrence of berylliosis 
among employees in the plant responsible for the neighborhood cases, where the 
average concentration must have been considerably higher than the community 
values, seemed to argue against the need for so low a concentration for occupational 
exposure. Residents in the vicinity of this plant were exposed for 24 hr. per day 
rather than eight to 10 hr. as is normal for occupational exposure. Moreover, it 
was estimated that 0.01 y/cu. m., the recommended level for outdoor air, contained 
a safety factor of from 4 to 8. There is thus justification for at least a tenfold 
differential in the maximum permissible concentration for occupational and non- 
occupational populations, recognizing not only the reduced risk in intermittent 
exposure but also that a smaller safety factor might be acceptable in the case of 
occupational exposure. However, even 0.1 y/cu. m. would be too harsh a maxi- 
mum permissible concentration in the face of the available epidemiologic evidence 
with respect to the chronic disease. 

The plants and laboratories of the United States Atomic Energy Commission 
are currently using 2 y of beryllium per cubic meter of air as the maximum 
permissible daily average exposure. This is a tentative and admittedly arbitrary 
operating criterion, the validity of which cannot be supported by existing data. 
It has been recommended by the Commission to its contractors as being the most 
reasonable tentative level in the judgment of a number of investigators who are 
familiar with this disease. 

The test of such a low value as 2 y/cu. m. may be very difficult. Obviously, 
individuals who were exposed to initially higher levels must be excluded in the 
evaluation. It must be assumed that the effective burden of beryllium in the lung 
is related to concentration and time, and with such low levels of exposure an immu- 
nologically significant pulmonary deposit may take place only after a number of 
years. In addition, there may be a considerable delay between the exposure and 
the onset of the disease, to further prolong the period for identifying the significant 
end point. 

With high levels of exposure, only a relatively small percentage of the popula- 
tion developed berylliosis, but there were severe and even fatal cases in each of 
these groups. It is conceivable that with lower exposures a set of conditions would 
finally obtain in which there were no fatal or even very serious disability cases, 
but the most hyperergic individuals would respond by a mild-to-moderate pul- 
monary inflammation. With the lack of accurate diagnostic criteria, such a 
circumstance superimposed on the above factors would make the evaluation of a 
maximum allowable concentration an extremely difficult matter. 

In the studies of acute disease, as summarized above, it was concluded that all 
known cases were attributed to concentrations in excess of 100 y of beryllium 
per cubic meter of air and that acute disease has followed only a few minutes’ 
exposure to concentrations of this magnitude. On the basis of these studies, and 
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as the first step in approaching the problem of control, it was proposed that no 
exposure should be permitted to exceed 25 y/cu. m. for any period of time. (For 
practical purposes this would apply as the average breathing-zone concentration 
for exposures in excess of five to 10 sec., which is probably the lower limit of 
practicality in air sampling.) 

In the use of a maximum permissible daily average concentration the possibility 
that levels sufficient to cause acute disease may develop must be considered. If one 
accepts 2 y/cu. m. as a tentative maximum permissible daily average concentration 
for eight hours’ exposure, a four-hour exposure to 4 y/cu. m. would likewise be 
permissible if there was no other beryllium exposure during the balance of the 
work day. Similarly, it would be reasonable to permit two hours’ exposure to 
8 y/cu. m. or one hour at a level of 16 y/cu. m. However, a half hour at 32 
y/cu. m. would not be permissible because it exceeds 25 y/cu. m., the region in 
which one begins to encounter a risk of acute pneumonitis. An eight-hour exposure 
is thus judged to be acceptable if the weighted average exposure for the period does 
not exceed 2 y/cu. m. and if there are no transient exposures to more than 
25 y/cu. m. 

The control program must include measures for preventing the occurrence of 
berylliosis among inhabitants in the vicinity of plants processing beryllium and 
among individuals living in the same household with beryllium workers. 

As noted earlier, it has been recommended that the atmospheric concentration 
of beryllium in the vicinity of a beryllium-producing plant should not exceed 0.01 
y/cu. m. This level was recommended on the basis of long-term studies, and for 
purposes of administration this criterion can be conveniently applied as the maxi- 
mum monthly average concentration. The data on which this recommendation is 
based were obtained by studies in the vicinity of a beryllium-producing plant, but 
it can be assumed, in the interest of safe operation, that this criterion should be 
applied to all plants which process beryllium. 

Although 0.01 y/cu. m. seems to be an exceedingly low concentration, it can 
be quite readily attained with methods ordinarily available for the control of atmos- 
pheric effluents. Reference to the theoretical methods for predicting ground-level 
concentrations at given distances from stacks ** will show that relatively large 
amounts of beryllium must be discharged from stacks in order to produce air 
pollution of the order of 0.01 y/cu. m. 

The problem of monitoring outdoor air is not complicated significantly by the 
beryllium present as a normal constituent of urban atmospheres. It is known that 
most coals contain parts-per-million amounts of beryllium, some of which is carried 
into the atmosphere in the “fly ash.” The air at a number of sites near which no 
beryllium was being produced has been analyzed, and the results of these studies 
are given in Table 2. It will be noted that these concentrations are of the order 
of 0.001 y/cu. m. and lower. 

In-plant laundering of work clothes is desirable in order that the contamination 
may not be transported to the worker’s home. From one investigation,’ in which 
the home laundering of work clothes was simulated, it was estimated that as much 
as 17 y of beryllium per day could be inhaled during daily laundering of the work 
clothes of employees of a beryllium-producing plant. 


35. Sutton, O. G.: The Theoretical Distribution of Airborne Pollution from Factory 
Chimneys, Q. J. R. Meteor. Soc. London, 73:257, 1947. Bosanquet, C. H., and Pearson, J. L.: 
The Spread of Smoke and Gases from Chimneys, Transactions Faraday Society, London, 1936. 
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As noted earlier, there is some evidence that the chronic disease is produced 
only by the oxide of beryllium or other insoluble compounds, although it has been 
demonstrated that all beryllium compounds except beryl can produce acute disease. 
There is insufficient evidence to justify a control program based on this premise. 
The control of chronic disease would, of course, be enormously simplified if it could 
be shown that only certain of the insoluble compounds are the cause of berylliosis 
and that other compounds can be handled with the much less rigorous precautions 
required for control of acute pneumonitis. It is to be hoped that future laboratory 
and epidemiologic data will shed light on this question. 

Suggested Modification of Experimental Techniques—The acceptance of the 
role of an immunologic mechanism in chronic beryllium disease should stimulate 
further experimental attempts to produce the characteristic lesion. The consider- 
able species difference in reactivity has been recognized, and it is likely that if 
pulmonary sensitization to simple chemical compounds is to be achieved in lower 
animal forms, some means of enhancing or exaggerating the allergic response must 
be employed. Pulmonary sensitization to allergenic protein materials has been 
produced in experimental animals, but sensitization to simple chemicals has not 


TasLe 2.—Atmospheric Beryllium Concentrations at Various Locations 


Micrograms per Cubie Meter 


= Sampling 
Samples Maximum Minimum Average Time 
4 0.0010 0.0004 0.0007 319 days 
5 0.0016 0.00007 0.0005 7 days 
Pa. Turnpike (Harrisburg-Pittsburgh)......... 5 0.0085 0.0024 0.0080 26 hr. 
New York State (Rochester-Albany)........... 12 0.00 0.00 0.00 13 hr. 
5 0.0020 0.0004 0.0013 13 days 
30 0.0080 0.00002 0.0007 60 days 
10 0.00046 0.00013 0.00028 44 days 


been reported. The production of cutaneous allergy with chemical compounds has 
been developed to the stage where it is now a routine procedure for the screening 
of many commercial chemicals. 

It is possible that the characteristic hyperergic response will be obtained simply 
with chronic inhalation procedures, although the experience thus far has been dis- 
couraging. A promising experimental approach, suggested from the cutaneous 
sensitization studies, would be the administration of materials which enhance the 
allergy response. For example, if killed tubercle bacilli are injected intraperi- 
toneally in petrolatum or polyethylene-glycol wax simultaneously with the admin- 
istration of the allergen, the skin sensitization is considerably greater than that 
produced by the allergen alone. 

Another method of attack would be the in vitro production of a beryllium- 
protein conjugate and the intraperitoneal injection of this material, with or with- 
out the tubercle bacilli, to be followed by chronic inhalation of beryllium oxide. A 
further refinement might be in the direction of using lung protein for these con- 
jugates. Obviously, a great deal of development of methods is involved in such 
a program. 

The fact that a subcutaneous granuloma was produced in the swine (under 
conditions which are compatible with an interpretation of “sensitization”) after 
prior failure to produce the lesion in the skin of rabbits and rats again emphasizes 
the factor of species difference. There is little or no information on the porcine 
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immunologic response to simple chemical compounds. Even if this species proves 
to be impractical for experimentation so far as it concerns pulmonary effects, or if 
tried, fails to respond with the pulmonary granuloma, the success in producing the 
subcutaneous lesion stimulates the hope that the proper selection of species and of 
experimental conditions will result in the development in the lung of a pathologic 
process directly related to that of human berylliosis. 


Some Implications as to Therapy.—The therapy of beryllium disease is sympto- 
matic. The dermatitis subsides readily with the accepted treatment for allergic 
eczematous conditions. The subcutaneous granulomatous lesion heals with the 
excision of the beryllium implant. Therapy for the acute pneumonitis is directed 
primarily at the resulting oxygen deficiency and does not differ essentially from 
that for pulmonary edema due to other lung irritants. 

With berylliosis, except for the recent trials with cortisone and adrenocorti- 
cotropic hormone (ACTH), treatment has consisted in giving oxygen for the 
asphyxia and increasing the caloric intake (with high protein content) for the 
weight loss. A number of cases, even though identified in an early stage, have 
progressed to a fatal ending in spite of the prompt and continued application of 
therapeutic procedures. In others there has remained a state of moderate to severe 
disability. In a few the process has regressed from the stage of greatest involve- 
ment only slightly to moderately. There is no specific regimen for removing 
beryllium from the tissue or the body, and no therapeutic agent which will 
“detoxify” or transmute it into a physiologically inert form. 

Cortisone and ACTH have been used in the treatment of berylliosis with vari- 
able effect. In some of the cases considerable initial improvement has been shown, 
with the subjective aspects corroborated by an improvement of the vital capacity, 
oxygenation of the blood, and increase in weight. In other instances no favorable 
effect was experienced. 

It appears that the same difficulties will be found with the use of these drugs 
in berylliosis (even in those cases in which definite improvement is shown) as 
have been encountered in other chronic conditions, such as arthritis. The required 
continued administration at levels effective for controlling the disease produces side 
effects which preclude further use of the drug, or the condition becomes “resistant.” 

The variety of diseases responding favorably to cortisone and ACTH and the 
paucity of information as to the mechanism of action of the drugs do not permit 
any significant conclusion as to the effect in berylliosis. It is of interest that these 
therapeutic materials have produced clinical improvement in certain hypersensitive 
states involving antigen-antibody combination.” 

The recognition of the immunopathologic mechanism in berylliosis offers no 
immediate benefit as to treatment. It does imply, however, a second important 
means of attack. If early in the disease beryllium could be removed from the lung, 
and further beryllium insult prevented, the inflammation should at least not pro- 
gress. 

With the acquired hypersensitivity of the tissue an equally important component 
in the pathogenesis of the lesion, even though the beryllium cannot be removed, 
it may be possible to prevent or reverse the sensitization, and thus avoid the inflam- 
matory reaction in spite of the presence of beryllium. 


36. Howard, J. E., and others: The Effects of Pituitary Adrenocorticotropic Hormone 
(ACTH) on the Hypersensitive State, J. A. M. A. 144:1347-1349 (Dec. 16) 1950. 
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SUMMARY 


Developments during the past few years have dispelled many doubts as to the 
role of beryllium in the etiology of various disease manifestations : 

1. The acute toxicity of beryllium per se has been demonstrated in laboratory 
animals, 

2. There have been a number of reports of cutaneous granulomatous lesions 
which followed the accidental implantation of fragments of fluorescent tubes con- 
taining beryllium phosphors, and these lesions have been duplicated in laboratory 
animals. 

3. The number of cases of chronic disease reported in the literature has 
increased substantially. Of equal significance is the fact that no one has reported 
similar groups of cases in which beryllium exposure was not involved but in which 
one finds the characteristic clinical, roentgenologic, and pathologic complex seen 
in berylliosis. 

The environmental, epidemiologic, clinical, and pathologic data which have been 
compiled make it possible to evaluate quantitatively the present state of our 
knowledge. 

ENVIRONMENTAL ASPECTS 


Acute Disease —Acute beryllium poisoning has been reported as resulting from 
exposure to beryllium metal, beryllium oxide, the sulfate, the fluoride, the hydrox- 
ide, and the chloride. The ability of beryllium oxide to produce acute pneumonitis 
depends on the physical properties of the material and the manner in which it was 
prepared. Oxides which have been prepared by low-temperature calcination are 
very much more reactive than those prepared at higher temperatures. 

Acute pneumonitis can result from single exposures to beryllium compounds. 
The occurrence of acute disease is further to be associated with concentrations 
which exceed 100 y/cu. m. 

There appears to be a reasonably clear-cut relationship between the incidence 
of acute disease and the severity of exposure. 

Chronic Disease—Chronic beryllium poisoning has occurred following very 
minimal exposure. Residents in the vicinity of a beryllium-producing plant 
incurred berylliosis on being exposed to concentrations which certainly did not 
exceed 1 y/cu. m. and were more likely of the order of 0.1 y/cu. m. In the 
vicinity of this plant there was a clear-cut relationship between exposure and inci- 
dence of disease. Within 14 mi. (about 400 m.) of the plant the incidence approxi- 
mated 1% and fell off rapidly, with no cases attributable to air pollution beyond 
¥% mi. (1,200 m.) from the plant. 

When we examine the records of occupational berylliosis within the plant to 
which these cases are attributable, the bizarre epidemiology of this disease becomes 
apparent. Of the 1,700 individuals who have been at one time or another employed 
at this plant, there are only six (0.3%) known to have had berylliosis. This, 
despite the fact that the high incidence of acute disease in this group is evidence of 
relatively adverse conditions of exposure. None of the six employees had been 
exposed for longer than four months. 

There are no cases among those employed for a longer period than four months, 
although many individuals have been exposed for longer than 10 yr. For relatively 
high concentrations of beryllium there is no apparent relationship between severity 
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of exposure and incidence of disease. The usual relationship appears to be inverted 
under conditions of more severe exposure. 

There is evidence that berylliosis has developed only among individuals whose 
exposure included beryllium oxide. This can be readily demonstrated for all 
industries, including beryllium extraction, and may possibly hold for the fluores- 
cent-lamp cases. The latter are attributable to phosphors in which the percentage 
of beryllium oxide in the original mix exceeded the limit of solid solution in zinc 
oxide. 

CoNFORMANCE OF BERYLLIUM INTOXICATION TO CONVENTIONAL PATTERNS 
or OccuPATIONAL DISEASE 

The environmental, epidemiologic, clinical, and pathologic characteristics of 
beryllium intoxication indicate that the various dermal and pulmonary manifesta- 
tions can be divided into those that conform to the usual pattern of occupational 
diseases and those that do not. 

Manifestations Which Do Conform.—These include contact dermatitis, beryl- 
lium ulcer and the acute involvements of the respiratory tract (rhinitis, tracheitis, 
bronchitis, and acute pneumonitis). 

With respect to the dermatologic response, there is abundant evidence that 
beryllium is both a primary irritant and a sensitizer, and the skin reactions to 
beryllium can be explained on the basis of the mechanisms ordinarily involved in 
occupational dermatitis. 

The acute respiratory responses conform to the pattern of reactions from such 
respiratory irritants as phosgene, nitric oxide, and phosphorus oxychloride. Field 
and laboratory studies indicate a conventional relationship between the severity of 
exposure and the incidence of disease. 

Manifestations Which Do Not Conform.—The characteristics of chronic pulmo- 
nary granulomatosis (berylliosis) illustrate many startling departures from the 
characteristics ordinarily associated with chronic intoxications : 

1. Severe cases of chronic beryllium poisoning have occurred from exposure to 
concentrations several orders of magnitude lower than what would be considered 
to be significant for other known industrial toxins. 

2. In consequence of 1, in fatal cases which come to autopsy the tissue concen- 
trations are often exceedingly minute and clearly disproportionate to the degree of 
existing pathologic change. Moreover, an extraordinarily wide range of tissue 
concentrations has been reported, and there is clearly no relationship between the 
amount of beryllium present in the tissue and the extent of disability or of patho- 
logic involvement. 

3. Field studies have shown that at very low atmospheric concentrations (less 
than 1 y/cu m.) the incidence of disease varies directly with exposure but that 
no such relationship is demonstrable for much higher concentrations. 

4. The onset of symptoms frequently occurs many years after the termination 
of beryllium exposure. 


5. The pulmonary lesions of berylliosis have not been produced in experimental 
animals. 
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A ConcEePT FOR THE PATHOGENESIS OF BERYLLIOSIS 


Because many characteristics of berylliosis differ from the pattern of a straight 
chemical intoxication, the latter must be excluded as the probable important mecha- 
nism in the causation of this disease. Berylliosis is more readily understandable 
on the hypothesis that the essential mechanism is a modified immunologic reaction. 
The important premises are: 

1. In the body beryllium combines with protein to form an antigen, which in 
turn stimulates a beryllium-specific antibody. An inflammation results from the 
subsequent reaction of beryllium and this specific antibody. 

2. This reaction exhibits a high degree of organ specificity. When the anti- 
body excitation occurs in the skin, the skin is the shock tissue and develops the 
inflammatory reaction on subsequent beryllium insult. There is an abundance of 
clinical and experimental data to substantiate this. By analogy, the beryllium in 
the lung stimulates antibody production in that organ, and with the lung as the 
shock tissue, further beryllium insult results in inflammation. 


3. With beryllium, particularly beryllium oxide, retained in the lung in 
immunologically significant quantities for very long periods, once a “shock” 
response has begun, it will continue with a severity dependent on the degree of 
sensitization of the tissue and on the rate at which beryllium is released from the 
tissue deposit and on the quantity released. A corollary is that the beryllium 
oxide produces little or no effect until the tissue becomes sensitized, and since 
sensitization may occur in some cases only after prolonged contact, the delay 
between termination of work exposing to beryllium and onset of symptoms is satis- 
factorily explained. 

4. With the degree of sensitization an important variable in the pathogenesis 
of the lesion, the disparity between the lung content of beryllium and the severity 
of the lung lesion becomes understandable. 

5. The granuloma, the distinctive lesion in all of these manifestations, is now 
accepted as a characteristic pathologic feature of a chronic allergic reaction. The 
concept that soluble beryllium is slowly and constantly released from the tissue 
deposits of beryllium oxide is consistent with the dynamics of granuloma formation 
in other chronic allergic states. 

6. Other tissues in which small deposits of beryllium may be found can exhibit the 
antigen-antibody reaction. This readily explains the presence of granulomas in 
the liver, the skin and other organs of individuals with berylliosis. It is significant 
that the skin granulomas occurring in the cases of berylliosis were not noted prior 
to the onset of the disease but developed concurrently with the pulmonary symp- 
toms. 

7. The systemic manifestations of berylliosis of variable pattern, not easily 
explained by the degree of lung involvement, may well be due to immunotoxic 
reactions in other tissues. 

8. The peculiar incidence of the chronic beryllium disease finds a parallel only 
in other well-recognized acquired sensitization or allergic diseases. 

9. The failure to reproduce the disease in animals may be explained by the 
well-recognized species differences in the capacity to develop immunologic phenom- 
ena, with man exhibiting a degree of hyperreactivity not found in lower forms. 
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ORGANIC PESTICIDES—NEW HEALTH HAZARDS 


JUSTUS C. WARD, MS. 
WASHINGTON, D. C. 


UBLIC acceptance of highly effective pesticides rarely has been delayed because 
of known dangers associated with their use. In this country a basic theory has 
arisen to the effect that if a product did a good enough job of pest control, that was 
just about all that mattered as long as the chemical did not hurt the plant or leave 
a residue which made the crop unsalable. Such philosophy was legally sound so far 
as Federal laws governing economic poisons were concerned until the passage of the 
Federal Insecticide, Fungicide, and Rodenticide Act, on June 25, 1947, when for 
the first time the importance of safeguarding the users of these poisons was 
recognized. 

Under this law, which is administered by the United States Department of 
Agriculture, the labeling of an economic poison must carry a precautionary state- 
ment which, if complied with, is adequate for the protection of the public. Such a 
regulation is the foundation for the safe handling of poisons, because it requires the 
manufacturers to tell the user what he must do to avoid trouble. The inclusion of 
that provision in the Federal law, however, has created a number of problems for 
the regulatory agency, the manufacturer, and all advisers to the users of poisons. 
It is a great deal easier to stipulate that the warning on a label must be adequate to 
protect the public than it is to outline the minimum features of such precautionary 
statements. Also, it is easier to require sound labeling than it is to get the user to 
read and obey the labeling. 

From the viewpoint of industrial hygiene, a number of significant factors have 
arisen in the handling of pesticides. Primarily, the health worker who is connected 
with the manufacture or formulation of economic poisons has a direct responsibility 
to determine the effects of chemical agents on persons exposed directly in the manu- 
facturing plants or through air or water polluted with industrial waste. It is in 
discharging a part of this responsibility that determinations of maximum allowable 
concentrations must be undertaken. It is unnecessary to emphasize that this essen- 
tial health project is being overloaded by the numbers of new chemicals for which 
safety limits are needed. An illustration of how complex this problem may become 
in a field as limited as pesticides is evidenced by the fact that we have no figures on 


From the United States Department of Agriculture, Production and Marketing Adminis- 
tration, Livestock Branch. 

Mr. Ward is Chief, Pharmacological and Rodenticide Section, Insecticide Division, United 
States Department of Agriculture. 

Paper presented at the joint Industrial Health Conference of the American Association 


of Industrial Physicians and Surgeons, and the American Industrial Hygiene Association, 
Atlantic City, April 25, 1951. 
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how much, if any, dichlorodiphenyltrichloroethane (DDT), chlordane, benzene 
hexachloride, lindane, toxaphene, aldrin, dieldrin, parathion, tetraethylprophosphate 
(TEPP), and a number of other new poisons could be tolerated by the user. When 
to that problem is added the question of how much exposure a person could tolerate 
with respect to complex mixtures of poisons and solvents such as are available in 
most of our present-day pesticidal formulations, the true picture of what the health 
worker faces in fact-finding comes into clear focus. Just as each new poison creates 
its own new problems, so every formulation is apt to carry a special challenge to the 
health worker. 

Under the system which was in effect prior to 1947 the pesticide industry had a 
more or less free hand in the development and introduction of new poisons. Certain 
companies were more conservative than others, but the basic questions were always 
those of performance and cost. A new product which could do a better job at the 
same or a lower cost was almost always assured of success, and it was usually offered 
to the public with a minimum of information concerning hazards. That no more 
trouble was reported with the use of old poisons under such a system may be proof 
that the human protective mechanism is very efficient—or it may mean that actual 
exposures to poisons when they were used according to common practices were 
below dangerous levels. On the other hand, it is possible that some of the more 
obscure effects of poisons were overlooked and that current concern is a tribute to 
better recognition of a problem not appreciated fully in the past. 

At present there would be considerably greater justification for alarm except 
for the so-called pretesting programs which are required under existing law. It is 
appropriate to mention the great influence of the Food and Drug Administration in 
protecting the food supply against being contaminated with either filth or chemicals. 
That agency has conferred at length with manufacturers of pesticides to the end 
that a tremendous amount of pharmacological, toxicological, and pathological work 
has been done on the newer poisons to determine the amounts which might be safe 
on food. This work has been supported by both public and private funds, since the 
Food and Drug Administration not only carries out its own research but sets pat- 
terns on which industrial programs can be based. 

Under broadly defined provisions of the Federal Insecticide, Fungicide, and 
Rodenticide Act it is possible to ask an applicant for registration to submit data 
adequate to justify both the precautionary labeling and the directions for use before 
a product is accepted for general sale. Under this provision a number of actions 
have been taken on all new poisons offered for registration recently. When the 
chemical is submitted for nonfood use only, acute and subacute tests to determine 
the basic toxicity to the person using the poison are required. Such tests include oral, 
skin-absorption, and irritation bio-assays, together with evidence that mask or 
respirator protection is or is not needed. Repeated tests are designed to determine 
sensitization or allergic responses and to forecast possible effects on metabolism, 
hepatic storage, or the development of neoplasms. The extent of the toxicological 
work needed is gauged by the results of the preliminary experiments and may be 
enlarged to include chronic studies if they seem to be indicated. 

When uses connected with food are involved, more detailed evaluation is neces- 
sary after preliminary surveys such as those described above have been completed. 
A factor which is of increasing importance is the suggestion that a method be found 
for detecting the poison in food. By preference the method should be a chemical one 
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and sensitive to below a part per million, but a biological procedure is acceptable for 
primary evaluation by the Department of Agriculture. Then the question of sound 
directions for use is taken into consideration. This is appropriate, since many 
poisons are effective against the pest or pests for whose control they are to be sold 
even when applied far enough before harvest that no residue will be left when the 
crop is harvested. Where food contamination cannot be prevented through the 
so-called “spray schedule,” the manufacturer is asked to investigate the methods of 
removing spray residue from such crops as are suited to such treatments. 

When it is found that residues are inevitable, the question of specialized uses 
and the matter of tolerances come into the evaluation, and the entire problem may 
be thrown into long-term (chronic) feeding experiments which must be carried out 
in cooperation with the Food and Drug Administration. In any event, it is only 
after sufficient work has been done to convince that agency that the product in ques- 
tion could be used according to directions on food without endangering the health 
of the consuming public that registration is issued. These procedures are having a 
major delaying effect on the speed of introduction of new pesticides. There is little 
reason to expect that any future decade will see a repetition of the wild scramble that 
occurred between 1940 and 1950 to put new economic poisons on the market. 

That does not mean that all pesticide problems are on the way to solution, since 
sound labeling is only one step. There is still the tendency on the part of the user 
to ignore sane directions for use, and to overlook essential precautions. There are 
two ways to combat such trends: One is regulatory action whereby food which is 
found to be contaminated may be seized, or a local ordinance by which the careless 
spray operator may be controlled. The other is persistent education to make safety 
thinking a part of any poison-handling job. This is a part of the program whereby 
health workers all the way from the industrial hygienist to the visiting nurse can 
make notable contributions. 

Much has yet to be learned about the actual danger from pesticides to the person 
who uses them only occasionally and in acceptable dilutions. This is particularly 
true in the household-spray field. It is here where the least experienced individual 
handles and stores poisons. It is important that the householder be taught that such 
products must be handled in accordance with directions to be safe. Precautionary 
statements, such as 

“Avoid inhaling dust or spray mist.” 

“Harmful if swallowed.” 


“Keep out of reach of children” 
are not just idle comments—they must be followed! 


Another problem which must be solved is that of the tendency for airplane and 
high-pressure custom spray-rig operators to release toxic dusts or liquids carelessly 
in a manner which will endanger the innocent bystander. Regardless of the care 
with which a mixture is formulated, regardless of the detailed instructions to protect 
the direct user of a chemical, and regardless of precise direction for use, if any 
individual releases that product in a manner to endanger life not intended to be 
destroyed, there should be an effective way to stop him. At present, laws are rela- 
tively weak on that point. Effective control of the custom applicator would seem to 


be the most logical move for added protection of beneficial plants, wildlife, domestic 
animals, and humans. 
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Perhaps the greatest danger from the newer organic pesticides, however, is that 
several of them tend to cause chronic poisoning. Such involvements are always slow 
and insidious in onset and may be difficult to diagnose, treat, or cure. Much more 
factual information is needed to permit the attending physician to support his diag- 
nosis in cases where there may be logical questions as to whether the patient’s symp- 
toms have been caused by disease or poison, so that the start of proper treatment may 
not be delayed. In this regard, much might be learned from the clinical notes of indus- 
trial physicians who have occasion to see workers from plants processing pesticidal 
chemicals or who may have had histories of continued, repeated, or excessive expo- 
sure. All information which can be obtained from any poison victim should be 
gathered, authenticated by laboratory analysis if possible, and documented for 
guidance of safety engineers and physicians as well as regulatory and advisory 
agencies. 

The newer organic pesticides, when sanely used, have been shown to be highly 
effective in reducing infestations of insects, rodents, fungi, weeds, and bacteria. 
Through such advances in efficiency, they have contributed to the control of insect- 
and rodent-borne diseases, such as bubonic plague, malaria, endemic typhus, and 
dysentery, and have helped assure adequate food, plant fiber, and forage supplies in 
those nations where they are available in sufficient amounts. From the limited use 
experience which is now available from which to judge, it would appear that it 
should be possible to learn how to use pesticides carefully enough to profit from their 
advantages without risking widespread chronic poisoning of beneficial plarts, 
domestic livestock, pets, or humans. 


That desirable goal will be reached most rapidly, however, through aggressive 


cooperative action of regulatory, advisory, health, and welfare agencies, a program 
in which the governmental industrial hygienists might well take an active part. 
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‘ GENERATION OF PHOSGENE DURING OPERATION OF 
TRICHLOROETHYLENE DEGREASER 


LOUIS W. SPOLYAR, M.D. 
R. N. HARGER, Ph.D. 
J. F. KEPPLER, Ch.E. 

AND 
H. E. BUMSTED, Ch.E. 
INDIANAPOLIS 


ECAUSE of a group of unusual circumstances, a man was accidentally exposed 


to a lethal concentration of phosgene while installing and operating a chlorin- 
ated solvent degreaser. 


Prior to this accident, the manager of this small plant purchased a secondhand 
‘ chlorinated hydrocarbon degreaser and some used solvent directly from another 

small plant located in a nearby Indiana city. These two items were delivered, and 

on April 28, 1950, an employee of the receiving plant was ordered to install the 
_ machine in a recently purchased small one-story frame house located behind the 
fe plant. The house, consisting of four or five rooms, was converted for industrial 
use by removing all the room partitions, thus producing one large room some 25 ft. 
4 (7.5 m.) wide and 40 ft. (12 m.) long. The degreaser was to be installed along 

4 the south wall of this room, near a double set of windows. 

The employee and his helper began the installation at 7 a.m. By 7:30 a. m. 
the machine had been installed, and some 7 to 12 gal. (26.5 to 45.5 1.) of the used 
solvent was poured in. This produced a fluid level slightly above the electric 
hairpin coils on the bottom of the tank. When the solvent began to boil, the two 
men started to degrease a basket of small aluminum disks. During this initial 
trial run the electricity would “kick off” frequently. At 8:30 a. m. the helper 
left this building and went into the main plant, leaving the one employee alone in 
the building for the rest of the morning. At 10 a. m. the employee working on the 
tank also went to the main plant and reported that fumes were escaping from the 

4 tank. He wanted the manager’s opinion as to whether or not he should connect 
_ the water line to the copper coils so as to obtain condensation (Fig. 1). The vendor 
: q plant had informed the receivers that the coils would help reduce fumes if they got 

: into trouble. The plant manager told the employee to turn off the machine and 
that he would personally investigate this problem later. Whether or not the tank 
was turned off at that time is a point that cannot be established, because the 
operator died within an hour after conferring with management. 


Associated with Division of Industrial Hygiene, Indiana State Board of Health (Dr. 
Spolyar, Mr. Keppler, and Mr. Bumsted); Consultant on Industrial Toxicology to Indiana 


State Board of Health, and Professor of Toxicology, Indiana University School of Medicine 
(Dr. Harger). 
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Following this conference, the employee went to a nearby welding shop to have 
a tool repaired at 10:45 a.m. The welding-shop operator stated that this employee 
left his shop at 11 a. m. and that the employee seemed normal at that time. At 
11:25 the plant manager, when he came to check on the tank, found the employee 
dead. The manager said that a strong odor of solvent was present when he entered 
and that the tank was turned off. The body was found near the door located on 
the west side (front) of the house. An autopsy was performed at 1 p. m. on 
April 29, the day following the accident. 

Following this episode, the plant manager immediately notified the manufac- 
turer of this tank, so that a prompt check could be made. It should be emphasized 
that the manufacturer of the tank did not do the installation. The manufacturer’s 
representative visited the plant on April 28. 


Fig. 1—A condensing zone was constructed by placing copper coils at the top of the tank. 


Three weeks later, the insurance carrier requested us to visit this plant and 
determine whether any unusual circumstances were present. These studies were 
undertaken on May 11. Preliminary observations at this time brought to light 
the following salient points. 

1. The tank was designed to use perchloroethylene, and all electrical controls 
were set for perchloroethylene. This fact was established by the tank manufac- 
turer’s representative at the time of his visit after the accident. The vapor thermo- 
stat was set for 210-220 F. and the sump thermostat for 310 F. The sump 
thermostat was broken and projected above the solvent layer. 

2. The used solvent sold to this plant was trichloroethylene, and trichloro- 
ethylene was used by this operator in the perchloroethylene tank. Some homemade 
copper coils were present about the top of the tank (Fig. 1). These were not 
in use when the accident occurred. 
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3. A fuel-oil space heater was located 3 ft. (91 cm.) north of this tank. It 
developed that April 28 was a cold day and all the windows and doors were closed. 
Thus the space heater was in use under the circumstances cited, The smoke pipe 
was equipped with a barometric damper. The stack barely protruded through the 
roof (Fig. 2). 

4. Under short-test conditions, concentrations of 225 to 450 ppm of trichloro- 
ethylene were obtained about the tank. . 


5. The pathologist who made the postmortem examination was of the opinion 
that death was due to trichloroethylene or possibly phosgene. The pathological 
s finding was ‘“‘a pulmonary edema without other demonstrable pathological changes.” 


Fig. 2.—Location of the degreaser in the room. Note location of window and space heater. 


Under these conditions the trichloroethylene used in a tank thermostatically set 
and designed for perchloroethylene readily vaporized and in so doing passed 
through the firebox of the nearby space heater. Potentially the heat of this space 
heater was of sufficient intensity to break down trichloroethylene to phosgene. 
Further, with the low fluid levels in the tank the electric coils may have been hot 
enough to produce phosgene. 


Since this was an isolated installation, we decided to test the above hypotheses 
by recreating this episode on May 24. At this time all windows and doors were 
closed, and the space heater was made to operate during the test. Tests for phos- 
gene were made above the hole of the used trichloroethylene drum immediately 
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after opening, and none was found. Samples of solvent were run on a Baird 
infrared spectrophotometer for decomposition products, and none were found. The 
used solvent was placed in the degreaser to the level indicated by the tank manu- 
facturer’s representative at the time he checked the tank after the death of the 
worker. This level was just above the lower portion of the hairpin coils, and 
this level was kept at this point by adding solvent. Thus, the broken sump thermo- 
stat and the top of the electric coils were partially above the solvent level and 
exposed to the air. To reach this level it took 7 gal. (26.5 1.) of trichloroethylene. 
The current used was 220 v., with 8 kw. going to each of the heaters. The 
heater next to the south wall became cherry red in five minutes and stayed so 
during the experiment. The machine came up to temperature in 15 min., and 
five minutes later trichloroethylene vapors were rolling over the edge of the tank. 

Using an air-line respirator, one member of our staff stayed in the room and 
took readings on the Davis vapotester® calibrated for trichloroethylene. Within 
20 min. after the tank was turned on, the vapor concentration was 400 ppm. One 
hour later the concentration was in excess of 10,000 ppm. At this time the entire 


Fig. 3—Outdoor station for sampling phosgene through a closed window. 


room was virtually filled by a dense “fog.” The concentration of trichloroethylene 
was so high that it began to burn the skin of the staff member in the room and 
the experiment was terminated. 

Analyses of the room air for phosgene were conducted just outside the building, 
the air samples being withdrawn through a tube made by joining end to end two 
or three long sections of glass tubing by means of rubber sleeves. The glass tube 
entered the building through a hole in a piece of board fitted below the lower sash 
of a window (Fig. 3). 

Phosgene was determined by the method of Yant and associates,' which was 
modified for concentrations of phosgene below about 50 ppm. We found that 
high concentrations of trichloroethylene in the air tested reduced the sensitivity 


1. Yant, W. P.; Olsen, J. C.; Storch, H. H.; Littlefield, J. B., and Scheflan, L.: 
Determination of Phosgene, J. Indust. Chem. 8:20, 1936. 
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of the method of Yant and associates. This was probably due to the solution of 
some trichloroethylene in the reagent, which contains about 3% of aniline in water, 
which increases the solubility of the diphenyl urea formed. For concentrations of 
phosgene below about 50 ppm we substituted Harrison’s reagent * for the aniline- 
water solution. We used a much diluted Harrison’s reagent (0.25 gm. of p- 
dimethylaminobenzaldehyde and 0.25 gm. of diphenylamine dissolved in 100 cc. of 
carbon tetrachloride). We prefer this diluted Harrison’s reagent because the 
regular reagent sometimes yields a brownish-yellow color in the absence of phos- 
gene. White 3-mm. tube cleaner * was impregnated with the diluted reagent and 
dried in air. A 4-in. (10-cm.) length of the impregnated tube cleaner was inserted 
into a 6-in. length of glass tubing of a diameter such that the tube cleaner would 
fit rather snugly. The glass tube was connected at the exit of the U-tube of Yant 
and associates, containing amalgamated zinc. The air to be tested was drawn 
through the apparatus at the rate of 1 1. per minute for a period of one minute. 
The yellow stain on the impregnated tube cleaner was compared in length and 
intensity with stains which resulted when the procedure was applied to synthetic 
mixtures in which there were various concentrations of phosgene in air that con- 
tained about 3,300 ppm of trichloroethylene. This method of analysis is somewhat 
analogous to the Gutzeit method for arsenic, and in our hands it appeared to give 
approximately quantitative results. 

Two samples were collected. One, at what would normally be the breathing 
zone of the operator, was 15 in. (38 cm.) northwest of the degreaser. At this 
point, 15 ppm of phosgene was found. The other sample was collected inside the 
space-heater exhaust pipe. The value found here was 243 ppm. The draft on the 
space heater was good, and there was no evidence of back pressure. The sheet 
metal of the space heater housing the pot was warm but not hot enough to break 
down phosgene. Therefore, we are of the opinion that the phosgene about the 
tank came from the breakdown of trichloroethylene in the tank proper. The 
“cherry red” coil was hot enough to accomplish this. Under adverse weather 
conditions a back pressure in the smoke pipe could develop, owing to the location 
of the stack. Within an hour the odor of phosgene was readily noticed outside in 
the down-wind direction. 

SUMMARY 


Through a series of errors, trichloroethylene was used in a perchloroethylene 
tank on which the electric limit controls were set for perchloroethylene. The sump 
thermostat was broken. A space heater was located near the tank, and the temper- 
ature of the space heater and stack gases (about 920 F., according to the manu- 
facturer) was hot enough to break down trichloroethylene to phosgene, the 
break-down temperature being 752 to 932 F. Under test conditions, high concen- 
trations of phosgene and trichloroethylene were found. Under adverse weather 
conditions, back pressure in the stack and smoke pipe could develop. The stack 
barely protruded through the roof and was so located as to produce poor draft. The 
autopsy findings were consistent with exposure to phosgene, although circulatory 
collapse from trichloroethylene must be considered. 


2. Jacobs, M. B.: War Gases: Their Identification and Decontamination, New York, 
Interscience Publishers, Inc., 1942, Chap. 6, p. 103. 
3. This cleaner (#3-642) is obtained from Fisher Scientific Company. 
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Special Report 


RESEARCH ON HEALTH EDUCATION IN INDUSTRY 


RESOLUTION ! adopted at the Ninth Annual Congress on Industrial Health,” 
jointly sponsored by the American Medical Association and the Public Health 
Service, Federal Security Agency, recommended the appointment of a committee 
to explore needed research on health education in industry, to plan studies on 
content and type of programs, materials, and methods of evaluation, and to suggest 
practical means for carrying out such studies. 
Fourteen experts * in the fields of industrial hygiene, management, labor, health 
education, social psychology, industrial relations, group dynamics,*and biostatistics 


1. “It is recommended that an ad hoc committee of experts be set up by the United States 
Public Health Service, after consultation with the American Medical Association and national 
labor and management groups, to explore these needs; that this technical committee include 
experts in advertising, health education, workers’ education, psychology, group dynamics, pre- 
ventive medicine, industrial medicine, industrial hygiene, industrial relations, and union health 
and safety. The purposes of this committee should be: 1. To plan studies in the following 
areas: (a) Content of programs—drawing the worker, who is the consumer of health education, 
into the planning stage of these programs for a valid determination of his wants; (b) Types 
of programs—the determination of objective criteria as to relative efficacy of various types of 
media and techniques and combinations thereof; (c) Materials—used in all types of programs, 
their preparation, distribution, and evaluation; (d) Evaluation—study of tested research 
methods to determine their applicability to the development of criteria for effective health 
education programs among industrial workers, and development of new techniques of evaluation 
as needed. 2, To recommend means for carrying on these studies, including recommendations as 
to participation by various expert groups. It is recommended that the Public Health Service 
and the American Medical Association explore the possibility of jointly financing studies recom- 
mended by the committee, including publication and distribution of the findings.” 
2. Chicago, February, 1949. 


3. Mrs. Myrna S. Bordelon, CIO Staff Representative, Welfare Council of Metropolitan 
Chicago, 205 West Wacker Drive, Chicago 6; Dr. Antonio Ciocco, Head Department of Bio- 
statistics, University of Pittsburgh, Pittsburgh 13; Dr. Thomas D. Dublin, Executive Director, 
National Health Council, 1790 Broadway, New York 19; Dr. Jean S. Felton, Medical Director, 
Oak Ridge National Laboratory, Oak Ridge, Tenn.; Dr. Clyde W. Hart, Director National 
Opinion Research Center, University of Chicago, 4901 South Ellis Ave., Chicago 15; Mr. Adolph 
Held, Director Welfare and Health Benefits Department, International Ladies’ Garment 
Workers’ Union, 1710 Broadway, New York 19; Mr. Dexter Keezer, McGraw-Hill Publishing 
Company, Inc., 330 West 42d St., New York 18; Mr. Kenneth L. Kramer, Director Insurance 
& Health Department, Textile Workers Union of America, 99 University Pl., New York 3; 
Dr. Dorothy B. Nyswander, Professor of Health Education, University of California, Berkeley 
4, Calif.; Dr. Lester M. Petrie, Director Division of Industrial Hygiene, State Department of 
Public Health, Atlanta, Ga.; Dr. Frederick W. Slobe, Chairman Chicago Industrial Health 
Association, 425 North Michigan Ave., Chicago 90; Miss Sara P. Wagner, Director of Nurses, 
Standard Oil Company, 30 Rockefeller Plaza, New York 20; Dr. Dale Yoder, Director Indus- 
trial Relations Center, University of Minnesota, Minneapolis 14; Dr. Alvin Zander, University 
of Michigan, Ann Arbor, Mich. 
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agreed to serve, assisted by consultants from the Public Health Service and the 
American Medical Association. 


The Committee met in Chicago, Jan. 30-31, 1950. 


After general discussion of the problem as a whole, subcommittees were formed 
to explore in detail four major areas: 


1. Objectives of health education in industry. 

2. Factors which determine the initiation, the acceptance or rejection of, and 
the participation in health education programs. 

3. Effectiveness of specific methods and techniques. 

4, Evaluation of health education in relation to outside activities. 


The reports as adopted by the Committee and suggestions for implementation 
follow : 


SUBCOMMITTEE 1: OBJECTIVES OF PROGRAMS OF HEALTH EDUCATION IN INDUSTRY 
In consideration of great variation in the scope of health education programs, 

the Subcommittee recommended that the following projects be undertaken: 

1. A fact-finding study in an industrial area having a wide variety of industries and a 


diversity of educational programs conducted under various auspices. The survey: would evaluate 
the relative success or failure of existing programs. 


2. An evaluation of the experiences of the International Ladies’ Garment Workers’ Program, 
the Fort Greene District Health Center, Brooklyn, New York, the Chicago Industrial Health 
Association, and others. 

3. An analysis of the reactions to health education by labor and management. 


4. The initiation of varying health education programs in several plants based on limited 
procedures agreeable to labor and management, in order to measure the degree of effectiveness 
of such programs. Such a demonstration might open the door to more cooperative and 
effective programs. 


SUBCOMMITTEE 2: FACTORS WHICH DETERMINE THE INITIATION, THE ACCEPTANCE OR 
REJECTION OF, AND THE PARTICIPATION IN, HEALTH EDUCATION PROGRAMS 

The Subcommittee recommended : 
1. A comprehensive, systematic review of prior research, to include studies in the cognate 
fields of psychology, sociology, education, motivation, learning, and communication. 


2. A survey of industrial establishments to determine the current status of health education 
in industry and the factors limiting or facilitating its development. 


3. Analysis of a smaller sample of establishments in which impeding or facilitating factors 
seem to be at work. 


4. Field experiments to test methods of overcoming resistance to health programs and of 
securing positive acceptance. 


5. Comparative studies of specific industrial establishments where cooperative relationships 
between organized labor and management do and do not exist. 


The Subcommittee is of the opinion that the Public Health Service, the relevant 
divisions of the American Medical Association, unions, management groups, and 
students of adult education will have to take the lead in securing support for these 
research undertakings. Public agency funds might be invested in background 
studies. Supplementary funds for other projects should be sought from founda- 
tions. An effort should also be made to interest universities having centers devoted 
to industrial relations and worker education in surveys and experimental studies. 
A number of them shoud be able to assign graduate students to work, under com- 
petent direction, on projects of limited scope. 
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In order that the research programs in these various centers may be as well 
integrated as possible and may not be handicapped by lack of advice from those 
experienced in the field of health education, the Subcommittee suggests that this 
committee or some successor be continuously available for consultation and other 
assistance. 


SUBCOMMITTEE 3: EFFECTIVENESS OF SPECIFIC METHODS AND TECHNIQUES OF 
HEALTH EDUCATION IN INDUSTRY 


The mediums and materials used in health education were grouped as follows: 


A. Written and visual (including pamphlets, posters, magazines and magazine articles, 
exhibits, and all other printed or processed aids). 


CRITERIA FOR JUDGING EFFECTIVENESS 


§ £5 
2 ga 


MEDIUMS AND MATERIALS: 
A. Written and visuel 1. Studies are required on all these fectors and 
(pamphlets, posters, magazines and on their various reletionships. 
magazine articles, exhibits, and all 
other printed or processed aids) 2. Any of these factors might be measured nega- 
tively as well as positively. 
B. Audiovisual 
(motion pictures, film strips, 3. Studies of separate mediums or techniques, of all 
radio, television, and lectures with kinds of combinations, and even of specific 
or without aids) factors, such as the optimum word length of a 
pamphlet, time length of a lecture, etc. 
C. Group discussion 
(with or without aids) 4. All mediums, materials, and fectors should be 
studied with respect to various groups with 
D. Combinations and intercombinations different demographic, cultural, and industrial 
of any or all of these mediums. characteristics. 


A diagram in aid of research on health education in industry. 


B. Audiovisual materials (including sound and silent motion pictures and film-strips, radio 
and television programs, and lectures with or without visual aids). 


C. Group discussion, with or without aids. 
D. Combinations and intercombinations of any of the above mediums and materials. 
The Subcommittee recommended the following types of research: 


1. All mediums need to be studied in relation to the applicable criteria and special factors 
listed in the accompanying diagram. The interrelationships of the different criteria and the 
special factors also need to be determined. A radio program may be rated effective in appeal, 
comprehensibility, and authenticity but may fail to create awareness of a health problem or to 
motivate changes in attitude or behavior if the sponsor of the program is not acceptable to the 
groups exposed. A pamphlet may meet all the requirements for psychological appeal and reading 
ease, but it will not accomplish its purpose if its sponsor does not have an effective distribution 
system. 
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2. Studies should be made of the relative effectiveness of the separate mediums or techniques 
as applied to the same or comparable groups. Likewise, a variety of combinations of mediums 
and techniques should be compared to determine the characteristic features of the most successful 
combinations. 

3. All the mediums and methods should be studied (using the applicable criteria) as to their 
effectiveness in various groups having different demographic and cultural characteristics. 

4. Experimental studies of mediums and methods should be undertaken. Materials and 
procedures should be developed for a particular situation, appraisal methods being applied in 
their planning and development; the effectiveness of the experimental materials and procedures 
should then be compared with that of existing getieral materials and methods in the same setting. 

5. Experimental studies should be made to develop methods for evaluating the effectiveness 
of methods and techniques, including mediums and specific materials, especially in those areas 
where appraisal methods are lacking; as, in determining comprehensibility, awareness of health 
problems, and changes in attitudes and behaviors. 


The Subcommittee also recommended the following means for implementation 
of studies : 


1. The Public Health Service should set up a “proving ground” through cooperative arrange- 
ments with a series of plants whose employees and work-situations represent various demo- 
graphic, cultural, and industrial conditions. Under such an arrangement it would be possible 
to pretest materials and to develop principles which could be applied widely in the preparation 
of all types of health education materials. Experimental studies such as the Subcommittee 
recommends also could be conducted in these plants. 

2. Many studies could be made by graduate students on the effectiveness of methods and 
techniques. 

3. Since producers of health education materials and educators themselves generally are not 
aware of the potentialities of systematic evaluation, all agencies conducting health education 
and informational programs should allocate 10 to 15 per cent of appropriations to research 
in the effectiveness of methods and techniques. 


SUBCOMMITTEE 4: THE RELATION OF HEALTH EDUCATION TO HEALTH-SERVICE 
PROGRAMS AND THEIR OVER-ALL IMPACT ON THE HEALTH OF WORKERS 


The Subcommittee proposed several projects : 


1. Comparison of groups of industrial workers (a) with both a health education program 
and a health service program; (b) with a health education program but without a health 
service program; (c) with a health service program but without a health education program, 
and (d) without either program. 

2. A study of the effect of adding a formal health education program to established health 
services. 

A group of industrial workers with the same or similar industrial health services is selected. 
The workers are divided in two parts. One part is kept as a control, and the second part is 
given a formal health education program. At the onset and at suitable intervals thereafter, 
comparisons of the various groups are made by suitable means. 

3. Comparison of the effect of various kinds of health service programs on the effectiveness 
of a formal health education program. 

Example: A community is selected having several similar industrial groups in which the 
same or similar formal health education programs exist or can be developed. The available 
groups are divided so that part is kept as a control and other parts are provided as convenient 
with a definite health service program of one of the following types: 

(a) In-plant health service with an on-call physician and in-plant nursing service. 


(b) In-plant health service with a physician in the plant at regularly scheduled hours and 
in-plant nursing service. 


(c) General nonoccupational health service but limited to ambulatory care at the health 
center. 
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(d) General nonoccupational health service providing relatively complete medical care. 
At the onset and at suitable intervals thereafter, comparisons of the various groups are made 
by suitable means. 


4. Demonstrations and case studies of formal health education programs for workers to 
explore: 

(a) The incorporation of the principles and techniques of group planning and learning. 

(b) The integration with community health education programs. 

(c) The relationships with health service programs. 

Special Considerations: A most important technical difficulty is the development of adequate 
devices to measure the effectiveness of health education programs in industry. The following 
criteria are suggested, from which specific yardsticks could be selected for particular purposes: 

(a) Health status: morbidity and mortality rates. 

(b) Health services actually received. 

(c) Industry-connected health indexes: productivity, sickness absenteeism, severity and 

frequency of occupational! disabilities. 


(d) Health information, attitudes, and behavior: understanding purpose of serology exami- 


nation, food selection patterns, length of time between symptoms and requests for 
service, etc. 


(e) Health values carried over into home: measurement of health status, services received, 
information, attitudes and behavior of family members. 


There is full recognition of the limitations of all these criteria and the care with which they 
must be selected and used. 


A second difficulty is the development of comparable groups of workers and the use of 


adequate controls. Projects utilizing populations without existing programs of any kind have 
obvious advantages. 


GENERAL SUGGESTIONS FOR IMPLEMENTATION 

The Committee felt that many of the specific studies suggested could be under- 
taken by graduate students in the various social-science disciplines. 

Among the institutions cited by the Committee as appropriate centers for the 
conduct of research in this field were: industrial relations centers, of which there 
are 20; schools of public health; graduate departments of social science, especially 
social psychology, cultural anthropology and group dynamics; university depart- 
ments of education; the Public Health Service. 

Among the sources of financial support of such studies, the Committee listed : 
private foundations, community funds, unions, individual industries, trade asso- 
ciations, the National Association of Manufacturers, industrial institutes, voluntary 
health agencies, the United States Department of Agriculture, and the Public 
Health Service through research grants of the National Institutes of Health. 
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Abstracts from Current Literature 


General 


INDUSTRIAL ANTHRAX IN THE UniTep States: AN Epripemiotocic Stupy. A. H. Wo irr 
and H. Hermann. Am. J. Hyg. 53:80 (Jan.) 1951. 


The recent increase of human anthrax in certain industries, particularly those processing 
imported animal hair and wool, prompted the Division of Industrial Hygiene of the United 
States Public Health Service to study the situation. 

Evidence is presented which indicates that carpet wool, in contradistinction to apparel 
wool, is the agent chiefly responsible for industrial anthrax, and it is also shown that these 
wools are especially infective. 

Human anthrax attributable to the handling of animal hair is shown to be due essentially 
to goat hair. Human anthrax in the leather industry is shown to be due essentially to goat 
skins, particularly those originating in certain parts of Asia. 

All dusty operations in leather and wool industries, wherein potentially infective materials 
are handled, should have adequate exhaust facilities and should be isolated from other opera- 
tions. Wet sweeping or vacuum cleaning should be done daily. All dust, dirt, and sweepings 
should be incinerated. Blending, whenever compatible with the manufacturing process, should 
be conducted after scouring. Drying of wool should be done at the maximum temperature 
compatible with the process. Raw-stock dyeing in preference to skein dyeing should be used 
as much as possible. No wools except those classified as “without risk” should be allowed to 
go into the final product without having been dyed. Finished products and dyed wool and 
yarn should be handled and stored in such a manner that there is no danger of cross con- 
tamination from raw materials. 


Protective clothing should be worn by employees in all occupations where an anthrax risk 
exists. Two lockers should be available for each worker exposed to risk: one set for street 
clothes and the other for work clothes. Workers exposed to risk should be required to take 
showers and change completely from work clothing to street clothing before leaving the factory. 

Employees must be indoctrinated with the necessity of reporting cuts, scratches, abrasions, 
and pimples immediately. Medical or first aid attention should be given such lesions. 

All employees should be properly indoctrinated on the cause, the nature and the control of 
anthrax. Posters and pamphlets should be freely used. 


ESTABLISHMENT AND FUNCTION OF AN INDUSTRIAL MENTAL HycIENE Service. O. B. McATEE, 
Am. J. Psychiat. 107:623 (Feb.) 1951. 


Four years’ experience in the employee health program of the Tennessee Valley Authority 
convinced McAtee that there exist unusual opportunities for the promotion of mental health in 
industry. The psychiatrist's activities in industry should include: 

1. A consultation program for the purpose of (a) ensuring therapy for employees, (b) orient- 
ing the medical staff in mental hygiene, and (c) conducting research through analysis of cases. 


166 


‘ 
al 
4 
| 
i 
4 
| 
|g 
@ 
| 
| 
— 
| q 


ABSTRACTS FROM CURRENT LITERATURE 


2. Supervisory training in human relations. 

3. Studies of particular groups of employees in whom problems are alleged to arise. 
4. Staff function as advisor to personnel, management, and labor. 

The psychiatrist must continue to be a good clinician and humbly remain an explorer. 


Otp Ace anp Empuoyasitity. S. S. Levine, Connecticut M. J. 15:117 (Feb.) 1951. 


Are elderly workers unemployable, fit for old age pension only, condemned to vegetate, 
linger along, and die a thousand deaths before the real end comes and relieves them of their 
idleness, loneliness, and misery? 


To lose interest in life is a catastrophe. This may be seen in old-age homes or state mental 
institutions, There they sit, staring into space, motionless, depressed, hopeless, listless, their 
bodies depleted. According to Alexis Carrell, “the aging man should neither stop working nor 
retire,” and Galen wrote “Employment is nature’s physician and essential to human happiness.” 
According to A. J. Carlson, “the physiologic age of the worker is not synonymous with his 
chronological age, owing to the individual variables in heredity, mode of living, accidents 
and sequelae of disease. All age changes come on gradually.” The process of aging is not a 
sudden affair. We come down the ladder of life step by step, carrying with us capacities, 
abilities, and energies. 

As long as we retire the aged worker while he still possesses skill, experience, physical 
capacities, and a desire to work we are adding to the economic burden of the younger gen- 
eration, and we are adding to the decline and degeneration, mental and physical, of our society. 
The life span is increasing and aging occurs at a slower pace. Early retirement means an 
unnecessary waste of valuable skills and experiences. Longevity without work invites disease. 
Longevity with work is a healthy condition. The aged worker does not live in a wilderness 
isolated from his community, depending on manna from heaven for sustenance. He needs care, 
he needs food, he needs a job, friendly surroundings, a feeling of being economically secure 
and that he is still an active member in the life of his community. No man, young or old, even 
if handicapped, is hopeless and useless as long as he has the spirit and the desire to work 
and so long as industrialists and communities are willing to cooperate and help along. This 
was proved during World War II when employers were obliged to recall the older workers. 
At that time it was learned how much of physical skill and mental ability was wasted during 
previous years when many of these same workers had been retired or discharged. 

Old age is the problem of the entire citizenry, since each and every one of us has a moral 
and economic stake in it. We must see that the solution is a proper one. Dole and old-age 
pension can never take the place of work. Dole is the curse of the aged. It leaves them idle, 
lonesome, hopeless, and hastens the day of their death. Work is their salvation and blessing. 


AccIDENT PRONENESS IN MULTIPLE SCLEROSIS: RELATIONSHIP TO TRAUMA, WITH MEDICO- 
LEGAL Imptications. A. E. Bennett, J. Nerv. & Ment. Dis. 113:198 (March) 1951. 


Considerable experience in the medicolegal aspects of the relationship assumed to exist 
between trauma and multiple sclerosis prompted Bennett to review the literature and to present 
three cases from his own medicolegal experience. 


Although medical evidence is definitely against the theory that trauma causes multiple sclerosis 
or exacerbates symptoms, compensation courts are granting large awards to such claimants. 
The reasons for this seem to be the failure to understand (1) the clinical course of the disease, 
with its spontaneous remissions and progressive lesions; (2) the peculiar type of personality 
changes—similar to those in lobotomized patients—euphoria, eutonia, overconfidence, and resulting 
poor judgment; (3) the symptoms, early in the disease, of motor paresis, ataxia, and disturbed 
equilibrium, unrecognized by the patient, who is deluded by the euphoria. 
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This complex of factors makes the patients more prone to meet with accidents and to accept 
them as causing or aggravating their symptoms. An adroit attorney together with a sympathetic 
compensation judge often enable the claimant to obtain a large, unjustified award for total 
permanent disability. 

There is increasing need for a unified medical opinion to guide courts in these decisions. 
One way to meet this need is to form from neurologic and psychiatric associations a national 
committee to study the relations borne by trauma to various organic neurologic diseases, including 
multiple sclerosis. 

Prior to World War II the American Medical Association set up a committee to study the 
relationship of trauma and various organic neurologic diseases. This committee should be 
reorganized and resume investigation. The American Academy of Compensation Medicine, 
newly formed to improve the standards of practice in workmen’s compensation and industrial 
medicine, should also attack the problem. The same question exists in the Veterans Adminis- 
tration. Many persons suffering from multiple sclerosis draw pensions for service-connected 


disability when in reality they had the disease prior to service, or it was latent and would later 
have developed. 


Both American and foreign neurologists have too often certified that an accident aggravated 
existing symptoms or hastened by months or even years an exacerbation. The hypothetical 
question undoubtedly biases opinion, since it can be and frequently is so worded that the expert 
has to admit, for example, that trauma as an etiological factor lies within the field of possibility. 
Actual medical evidence may be all to the contrary. A free, uninfluenced statement of the medical 
evidence in the physician’s summing up of the facts should replace the hypothetical question, a 
favorite legal device. Expert witnesses, drawn from a panel of qualified neurologists certified 
by a medical society, who can give an impartial, unified opinion, should replace the present 


method of retaining one or more experts expected to render favorable opinions to the side 
retaining them. 


Tue ACTION OF VARIABLE AMOUNTS OF QUARTZ ON THE LuNGs oF Rats. S. C. Ray, E. J. 
Kine and C. V. Harrison, Brit. J. Indust. Med. 8:62-67 (Jan.) 1951. 


Rats were used to determine the effect of increasing doses of powdered quartz given intra- 
tracheally. The smallest dose (2 mg.) caused no parenchymal changes. It is thought that the © 
lymph drainage is able to handle such a test dose. However, with overloading of the lymphatic 
drainage as the test dose was increased from 5 to 75 mg., increasing severity of reaction to the 


silica was seen. Arnotp A. Lear, Boston. 


Tue Action or SMALL AMOUNTS OF QuARTz AND LARGER AMOUNTS oF COAL AND GRAPHITE 


ON THE LuNGs oF Rats. S. C. Ray, E. J. Kine, and C. V. Harrison, Brit. J. Indust. 
Med. 8:68-73 (Jan.) 1951. 


In rats the authors demonstrated that pure graphite or coal dust injected intratracheally 
alone produced minimal reticulum reactions without fibrosis. However, if either was added to 
a 2-mg. dose of powdered quartz, which alone caused no parenchymal reaction, parenchymal 
fibrosis characteristic of salica reaction was found. They concluded that coal or graphite upsets 
the lymphatic drainage and increases the pathogenic effects of small amounts of silica, a finding 
in direct contrast to the concept that coal dust may protect against silicosis. 


A. Lear, Boston. 


Tue Action oF ANTHRACITE AND Bituminous Coat Dusts MIXED WITH QUARTZ ON THE 


Lunes or Rats. S. C. Ray, E. J. Kine, and C. V. Harrison, Brit. J. Indust. Med. 8:74-76 
(Jan.) 1951, 


Known mixtures of quartz and anthracite or bituminous-coal dusts were injected intra- 
tracheally in rats. There was no difference in reaction with respect to type of coal dust used. 
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However, the dusts did enhance the fibrous reaction of lung tissue to the quartz as compared 
with quartz given alone, presumably by impeding lymphatic drainage. 


Arnotp A. Lear, Boston. 


OccupaTIONAL HEALTH IN THE Roya Navy. R. C. Freperick, Proc. Royal Soc. Med. 44:101 
(Feb.) 1951. 


The responsibility of the Admiralty in relation to occupational health is very broad. It is 
concerned not only with service personnel but also with the very large number of civilian 
employees in all manner of occupations in H. M. factories, depots and dockyards. The larger 
dockyards are equipped to build and repair the largest warships. The ships afloat, in con- 
junction with their repair ships, are to a high degree self-sufficient. Thus, both civilian and 
naval personnel are exposed to the hazards related to every branch of engineering. Other risks 
are encountered in the manufacture of explosives, work in confined spaces and in submarines, 
work with refrigeration machinery and fire-fighting equipment, and exposure to asbestos fiber, 
tetraethyl lead, compressed air, and high temperatures. J. C. McDonatp, Cambridge, Mass. 


InpustriAL HEALTH IN THE Army. M. R. Burke, Proc. Royal Soc. Med. 44:103 (Feb.) 1951. 


The occupational processes encountered in the Army are listed. Most of them are also found 
in civil life. The employees are both military and civilian. The provisions of the Factory Act 
apply to the Army in the United Kingdom, and every effort is made to conform with it overseas. 
The great importance of the PULHEEMS system of medical classification of military personnel 
is emphasized. A description is given of the cooperation which takes place between the Army 
and other services and ministers in the field of industrial health. 


J. C. McDonatp, Cambridge, Mass. 


Aspects or INpUSTRIAL HyGIENE IN MAINTENANCE ComMMAND Arr Force. C. Crow.ey, 
Proc. Royal Soc. Med. 44:107 (Feb.) 1951. 


Maintenance command is concerned with the supply, repair, and maintenance of Royal Air 
Force equipment. The industrial problems are thus common to British industry as a whole. 
The standards of industrial hygiene are excellent in some units and unsatisfactory in others where 
accommodation is inadequate or unsuitable. 


The hazards involved in welding and doping and their control are taken as examples to 
illustrate the type of preventive measures used. The supervision of industrial hygiene is carried 
out by Service medical officers and by civilian medical practitioners employed for the purpose. 
The main difficulties are the cost of industrial improvements and the problems of enforcing pre- 
ventive measures among civilian employees. J. C. McDonatp, Cambridge, Mass. 


Tue Human ELeMentTs as Cause or [INDUSTRIAL AccipENTs. V. Mauro, Folia med. 33:453 


(Sept.) 1950. 


According to Mauro, the human element is responsible for the majority of industrial acci- 
dents. Prevention involves medicosocial problems and is based on physiology, psychology, 
psycho-technics, and pedagogy. In workers of either sex the main causes of accidents include 
sight and hearing deficiencies, insufficient motor and reflex coordinations, alcoholism, and fatigue. 
Industrial accidents are more frequent in young workers of either sex than in the older. In 
women, menstruation, pregnancy, lactation, and menopause may have a predisposing role. 
Modern prophylactic measures consist of aptitude tests to determine the fitness of the worker 
for the particular task, familiarity with the place of work, periods of rest, and improved environ- 
mental conditions. A sustained proper temperature, adequate illumination and ventilation, and 
control of noises in industrial centers all have beneficial effects on the morale of the workers, 
and this contributes to prevention of accidents. 
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Extraction Work oF VEsuvIAN Lava. S. D1 Lauro, Folia med. 33:507 (Sept.) 1950. 


Di Lauro studied the sanitary conditions of the workers engaged in extraction of Vesuvian 
lava, including their method of work and the environmental conditions. Accidents are related 
to the different phases of the work. Crashing by falling rocks or shells, ocular lesions caused by 
splinters and dust, and other traumatic lesions produced by hammering are the most frequent 
injuries, besides occupational calluses with inflammation of inner tissues and painful interdigital 
fissures. The workers do not use protection for their eyes or hands, and are far away from 
medical centers. Rheumatic lumbago, sciatica, and acute diseases of the respiratory tract are 
sequels of their posture during work and of the cold and humid environment in which they work. 


Lesions of the respiratory apparatus connected with dust are rare, since the work is performed 
mostly in wide-open spaces. 


IMPORTANCE OF THE SCIATIC SYNDROME IN WORKERS. 


S. D1 Lauro and V. Lomparpo, Folia 
med. 33:524 (Sept.) 1950. 


From statistics compiled in 1949 at the Istituto Nazionale Assicurazione Malattie of Naples, 
Italy, embracing workers in industry, agriculture, and commerce, Di Lauro and Lombardo found 
a high incidence of lumbago and sciatica among agricultural workers, 54 and 43% of the cases, 
respectively, while only 17 and 15% occurred among industrial workers. The remaining relative 
percentages concerned office clerks. The sciatic syndrome proved more frequent among workers 
whose posture at work causes a greater strain on the lumbosacral region than in other workers. 
Herniation of the nucleus pulposus from lumbar microtrauma occurred in 77% of the cases of 
sciatica reported on; it represents a medicolegal problem, since the symptoms are unstable, the 
causal factor is difficult to trace back, and the condition is outside the limits of legal com- 
pensation. Consequently, in all cases of the sciatic syndrome, the roentgenologic diagnosis 


differentiating between so-called rheumatic lumbago and sciatica of industrial origin is of 
importance for early treatment. 


TUBERCULOSIS AND SILICOsIs IN Dusty PLaces: oF CASE-FINDING PROGRAMS 
AND MEDICAL PREVENTION. E, GRAUBNER, Pracovni Lékarstvi 2:267 (Dec.) 1950. 


The resolving capacity of the x-ray fluorogram of medium size is not so good or detailed 
as that of a normal skiagram. In analyzing details of the picture of silicosis on both types of 
x-ray films we came to the following conclusions: 1. On x-ray fluorograms of medium size the 
phases of development of pneumoconiosis are not all seen with equal clarity. 

2. The density of opacities is, apart from their size, of paramount importance. The greater 
the density and the size of the opacity the better are the contrasts shown on the x-ray fluorogram. 
The lower limit of detectability is somewhat higher on the x-ray fluorogram. 


3. In principle the conformity of the gradation of findings is maintained on x-ray fluorograms 
and normal skiagrams. 


4. Mass radiography is the method of choice in pneumoconiosis and silicosis case-finding 
programs. 

The reading of x-ray fluorograms in cases of silicosis demands exceptional qualified personnel. 
The quality of the picture, the personal factor, the consistency, and the experience may influence 
diagnosis to such an extent that the results of two classifying physicians working independently 
of each other may differ widely. Proof is given in the analysis of results of classifications made 
by well-qualified physicians working in the Ostrava mining district. The possibility of faults 
is not evenly distributed over all grades of silicosis and is greatest in the least severe cases. 
The reading and classification of pictures is facilitated by comparing them with standards. 

Codes were worked out for the classification of findings for both tuberculosis and silicosis. 


ADAPTATION OF ENGLISH SUMMARY. 
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Occupational Diseases and Hazards 


Errect or ADRENOCORTICOTROPIC Hormone (ACTH) on BeryL_LiIuMm GRANULOMATOSIS AND 


Sirtcosis, B. J. Kennepy, J. A. P. Pare, K. K. Pump and others, Am. J. Med. 10:134 
(Feb.) 1951. 


It has been demonstrated that adrenocorticotropic hormone and cortisone produce alterations 
in cellular and fibrous-tissue reactions. Beryllium granulomatosis is a progressive pulmonary 
disease characterized by fatigue, exertional dyspnea, cough, and weight loss. Microscopically, 
the lesions consist of multiple granulomas, increased fibrosis in the interalveolar septa and 
in the granulomas, and dense collagen deposits. A cellular reaction, predominantly of lympho- 
cytes and mononuclear cells, may be found in the interalveolar walls, between focal lesions, and ~ 
at the periphery of the nodular granulomas. 


It seemed reasonable to expect that if the lesions of beryllium granulomatosis resolved or 
the cellular infiltration diminished, the impairment of pulmonary circulation and of air exchange 
would decrease and more normal respiratory function might occur. 

Adrenocorticotropic hormone (ACTH) was administered to two patients with chronic beryl- 
lium granulomatosis. A striking improvement occurred in both, as evidenced by the clinical 
response and improvement in x-ray photographs and results of respiratory-function studies. 
A third patient, similarly treated by Thorn and associates, also improved. 

The possibility of ACTH altering other chronic pulmonary diseases characterized by fibrosis m 
or cellular reactions was also considered. Improvement was demonstrated in one patient with ie 
siliosis on administration of ACTH. 

The period of observation is too short to determine how long the improvement will persist 
after cessation of therapy. The appearance of the chest x-rays was unaltered by treatment. 
Since there has been no adequate treatment for silicosis, further investigation of the effect of 
ACTH in this disease is indicated. 


Stupy oF THE Leap BuRNING DEPARTMENT AT BAyTOWN ReriNery. J. W. Ham- 
MonD, M. Bull. 11:223 (April) 1951. 


An investigation of the urinary lead excretion of six lead burners and helpers employed in 
refinery construction indicated that four were exposed to hazardous concentrations on the basis 
of a maximum urinary lead concentration of 0.10 mg./l. Among the recommendations made for 
control of the hazard are greater use of local exhaust ventilation and personnel protective devices. 


C. E. Boston. 


Hycrentc Stupy oF THE. PAInt DEPARTMENT AT BAYTOWN REFINERY, Mepicat Division. 
J. W. Hammonp, M. Bull. (Med. for Ind.) 11:211 (April) 1951. 


In an effort to determine the lead absorption of 83 employees of the paint department of a 
large refinery, blood and urine specimens were taken. On the basis of a maximum corrected 
urinary lead concentration of 0.10 mg./l., 17 painters and laborers were found to be absorbing 
dangerous amounts of lead. The exposure consisted of spray painting and buffering (cleaning) 
lead-base paints on refinery tanks and equipment. Recommendations are included for reducing 


the exposure and protecting the personnel. C. E. Bruuines, Boston. 


Stupres 1n ACETYLENE FLAMES: IV. DANGERS ASSOCIATED WITH CARBON MONOXIDE Pro- 
DUCED FROM ACETYLENE Lamps tn Coat Mines. A. P. C. Cumminc and J. A. Horn, 
J. Appl. Chem. 1:198 (May) 1951. 


A brief description of the hazards associated with carbon monoxide is followed by an 
analysis of the amount of CO formed from miners’ acetylene lamps burning in atmospheres 
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containing 12 to 21% oxygen and 0 to 9% carbon dioxide. It is concluded that no dangerous 

{ CO concentrations are likely until the Oz content of the air falls to 17% or less. Such con- 

t ditions sometimes exist in isolated workings with no through-circulation, and in these locations 
care must be exercised in the use of acetylene lamps. M. W. First, Boston. 


Leap IN RELATION TO DISSEMINATED ScLerosis. A. M. G. CAmMpBELL, G. Herpan, W. F. T. 
TatLow, and E. G. Wurrtte, Brain 73:52, 1950. 


The history of the association of lead with diseases of the central nervous system was 
reviewed. The lead content of the soil was studied in the homes of country victims of dissemi- 
‘nated sclerosis, all of whom had long been resident in their villages. In the soil of one village 
the lead content was significantly high. The incidence of the disease in the two villages studied 
was abnormally great compared with findings in other areas. Lead as an occupational hazard is 
discussed in relation to conditions resembling disseminated sclerosis. The lead content of the 
teeth of the patients was on the average significantly higher than in control groups. It is 
suggested that (1) this evidence implies that lead does play some part in the etiology of dis- 
seminated sclerosis and (2) lead may interfere with some essential mineral, vitamin, or enzyme 
reaction and thus precipitate demyelination. This is discussed in relation to other diseases of 
the nervous system. 


Ruts Berccren [CHem. Asst.] 


CARDIOVASCULAR DISEASE IN CoTToN WorKERS: Part I. RicHArD SCHILLING and NANcy 
GoopMAN, Brit. J. Indust. Med. 8:77-90 (Jan.) 1950. 


Cotton workers have long been known to have a higher death rate due to respiratory and 
: cardiovascular diseases than the general population. The workers exposed to the highest dust 
; concentrations (in stripping and grinding and cleaning operations) have the highest mortality 
: rate. Statistics presented indicate that the increased incidence of cardiovascular disease (includ- 
ing cerebral vascular disease) may well be due to occupational influences. A report by Shaw 
and others is quoted which suggests that cor pulmonale may be the significant cardiac disease. 


Arnoip A. Lear, Boston. 


i An INFLUENZA Epipemic 1n Inpustry. A. Lioyp Potter, Brit. J. Indust. Med. 8:81-84 
(Jan.) 1951. 


i The author briefly presents the history and the management of an epidemic of influenza 
i which affected several chemical factories in England. 


Arnotp A. Lear, Boston. 


A New Inpustriat Disease CALLep HyPeruiprosis ERYTHEMATOSA Traumatica. J. H. 
Twiston Davies, Brit. J. Indust. Med. 8:95 (Jan.) 1951. 


The author describes a syndrome of limited areas of erythematous skin with associated 
profuse sweating occurring on the hands of workers exposed to excessive vibratory stimuli. 
These red, perspiring patches disappear within a week after the exposure is discontinued. 


Arnoip A. Lear, Boston. 


A Case or OccupaTIONAL IRON PIGMENTATION OF THE SKIN. P. J. Hare, Brit. J. Dermat. 
63:63 (Feb.) 1951. 


The case reported concerns a man, aged 29, who while “pickling” metal in hydrochloric acid 
» a sustained a violent dermatitis of his unprotected forearms. The inflammation subsided 
i. after two weeks’ treatment with calamine lotion. Pigmentation persisted without change. He 
did not know of other workmen affected in this way. On examination the skin was healthy 
except for the pigmentation. The spots were arranged in well-demarcated bands around the 
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wrists and in scattered groups on the flexor aspects of the forearms. The individual lesions 
were sharply defined, purplish-brown areas, 1 to 2 mm. in diameter, flat or a little depressed. 
Some of the macules were pierced by hairs. Others showed translucent centers. One’s first 
impression was of perifollicular purpura. The clinical appearance of the lesion closely resembled 
that in cases of iron pigmentation due to therapeutic misadventures. The histologic aspect is 
described and an explanation of the punctate arrangement is offered. 


The exact nature of the pigment remains unknown. The problem remains why this clinical 
picture should be so rare in view of the extensive use of iron salts in industry. 


Sriicosis WirHouT ComPLICATIONS: EVALUATION OF THE EXISTENCE AND DEGREE OF PERMA- 
NENT Disasitity. L. Rocue, Méd. usine 11:597 (Dec.) 1949, 


Three factors may serve to evaluate the degree of permanent injury. The first of these is 
study of roentgenograms, There is good correlation between the roentgenological findings and 
the intensity of the lesions. The second factor is the intensity of the dyspnea. This is the prime 
factor in the evaluation of incapacity and is determined by clinical examination and physiological 
determinations. The third is employment considerations. These include the physical require- 
ments of the job and the possibility of changing occupations without serious loss of income. 


Butt. pe Doc. Mép., Inst. p’HyGrene pes MINEs. 


SiLicosis witH COMPLICATIONS: DIAGNOSIS AND EVALUATION OF PERMANENT DISABILITY. 
L. Ont, Méd. usine 11:603 (Dec.) 1949. 


According to the French law of Aug. 2, 1945, the pathological manifestations which are 
compensable in cases of silicosis are cardiovascular complications, nontuberculous infections, and 
tuberculous complications. The author discusses the various factors to be considered in making 
a diagnosis of silicosis and in evaluating these complications. 


Butt. pe Doc. Mép., Inst. p’HyGieNe pes MINEs. 


Sriicosis: Worpinc oF Report Forms. L. Rocue, Méd. usine 11:608 (Dec.) 1949, 


The three important features of a silicosis report should be the history, the medical exami- 
nation, and the diagnosis. The author suggests various factors to be considered under each of 
these headings. 


Butt. pe Doc. Mép., INst. p’HyGIENE DES MINEs. 


Autopsy tn A Sizicosis Report. F. Murer, Méd. usine 11:621 (Dec.) 1949. 


Autopsy is intended not only to confirm the diagnosis of silicosis but also to determine the 
cause of death. The author discusses two types of autopsy, that done soon after death and that 
done on a decomposed body. The principal types of information to be obtained from each type 
are described. 


Butt. pe Doc. Mép., Inst. p’HyGiene pes MINEs. 


ROENTGENOGRAPHIC DIAGNOSIS OF PNEUMONOCONIOSIS IN CoaL Miners. G. Dec tercg, E. 
Bavcaries, M. and A. Moret, Rev. méd. miniére 2:9 (July-Aug.-Sept.) 1949. 


The authors carried out a mass miniature roentgenographic survey in seven pits of the 
Nord/Pas-de-Calais coal field in order to determine the incidence of silicosis. It is noteworthy 
that a coverage of 100% was obtained, the absentees from the M.M.R. sessions (8.5%) being 
automatically called for large roentgenograms. The population examined numbered 7,646, and “% 
the first analysis was as follows: normal, 75%; abnormal but nonsilicotic, 6.0% ; reticulations, 

3.3% ; silicotic, 14.9%. Over 27% of those examined were recalled for the taking of large 


roentgenograms. ConDENSED FROM BuLt. Hye. 
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Lesions oF BLADDER AND KIDNEY IN THE DyesturF INpustry. A. MULLER, Helvet. chir. acta 
18:1 (Feb.) 1951. 


This report on lesions of the bladder and kidney occurring in workers employed in the manu- 
facture of dyestuffs is based on a review of the literature and on the author’s own experience 
extending over a period of 25 yr. in the industrial area of Basel, Switzerland. A total of 161 
of the author’s own cases are discussed, including 43 cases of papilloma, 96 of carcinoma, and 
22 of hemorrhagic cystitis. 


The author lists the following substances as probably responsible for the bladder and renal 
lesions: aromatic amines, aniline, benzidine, alpha-naphthylamine and beta-naphthylamine, and 
in one case hydrocarbonic anthracene. These substances are inhaled in the form of gas or dust 
and are excreted in the urine. Ferguson and Gay, however, are of the opinion that the tumors 
are not produced by the urinary content but rather by the toxic substances present in the blood. 


The lesions are most frequent in workers who are in the fourth or the fifth decade of life. 
Only cystoscopic examination will permit a definite diagnosis. 


Necropsy studies on 55 patients convinced the author that these tumors are highly malignant 
and produce metastases. The tumors are located most frequently in the region of the trigonum. 
In addition to tumors of the bladder tumors of the kidney and of the renal pelvis have also been 
known to develop in workers in the dyestuff industry. The author’s own experience of tumor 
formation outside the urinary bladder include three primary cancers in the renal pelvis and 
kidneys and one benign primary polyp of the ureter. All three patients also had primary tumors 
of the bladder ; that is, there were multiple primary tumors which were not the result of propa- 
gation or metastasis. In all, the author observed 10 patients with multiple primary tumors 
among workers who had been exposed to dyestuffs. 


Treatment takes the form of coagulation with the benign growths; with carcinoma, resection 
of the bladder is necessary; recently total cystectomy has been employed. 


Measures taken to prevent the development of tumors include: improving factory hygiene 
and changing certain manufacturing methods so as to reduce exposure to noxious substances. 
Furthermore, workers are kept under medical control, cystoscopic examinations being done at 
regular intervals. 


GENESIS OF PULMONARY ANTHRACOSIS. M. Apamo, Atti Accad. fisiocrit. Siena 17:215 (no. 2) 
1950. 


Adamo, by experiments in adult rats and guinea pigs, found that carbon granules administered 
by mouth or Chinese ink introduced into the stomach by means of an esophageal sound do not 
reach the lung. Signs of regurgitation of Chinese ink and black areas in the lung, with the ink, 
were encountered in some animals which were killed on the second day of the experiment. The 
macroscopic and microscopic aspects of these areas were not those of aerogenic pulmonary 
anthracosis. The results obtained exclude the enterogenic mechanism of antracosis. 


MoptFicaTIon oF ResprraTory Capacity IN SrLicorics. Luict PARMEGGIANI and ARMANDO 
PrINneEROLO, Med. lavoro 41:237 (Aug.-Sept.) 1950. 


Expiratory and inspiratory powers have been measured in 14 normal subjects and 32 silicotic 
by measuring the maximum volume of air an individual is able to expire and inspire in 10 sec. 
through resistance in a Benedict respirometer after both a forced inspiration and a forced 
expiration. 

A proportional relation between gravity of silicosis and decrease of respiratory power has 
not been observed apart from a few exceptions. What has been observed in silicotics is a propor- 
tional relation between gravity of functional complications and decrease of the respiratory powers, 
especially in expiration. Expiratory and inspiratory power are independent. Both are inde- 


pendent of vital capacity but are largely correlated with, respectively, the complementary and 
the reserve air. 


4 


ABSTRACTS FROM CURRENT LITERATURE 175 


The early and constant decrease in expiratory power and its independence of bronchodynamic 
stimulation demonstrate the importance and diffusion of emphysema in silicosis and prove the 
difficulty met by silicotics in using respiratory masks, even in the early stages of the disease. 
The inspiratory power changes more erratically, owing chiefly to bronchial spasms, as is proved 
by the efficacy of bronchodynamic stimulation. Tuberculous toxemia influences the respiratory 
power much more than might be assumed from spirometric tests at rest. 

The measurement of respiratory power is a synthetic test not easily interpreted. By the 
methods adopted, the results obtained are not proportional in value. 


ADAPTATION OF ENGLISH SUMMARY. 


SPONTANEOUS PNEUMOTHORAX IN SiLicosis. Z. VoKAC, Pracovni lékarstvi 2:184 (Sept.) 1950. 


Unilateral spontaneous pneumothorax arising in severe complicated silicosis is reported. 
Its cause, in the absence of signs of a destructive tuberculous lesion of the lung, can be explained 
by contraction of the lung parenchyma with coexisting emphysematous rarefaction of the lung 


tissue in the area of the hilus. ADAPTATION OF ENGLISH SUMMARY. 


Tue Position oF Srticosis RESEARCH AND A CONTRIBUTION ON THE RADIOLOGICAL AND CLINI- 
caAL ReELaTIONSHIP BETWEEN SILICOSIS AND TUBERCULOSIS. V. REICHMANN, Beitr. 
Silikose-Forsch., 1949, no. 1. 


Evecrron Microscopy 1n Siiicosis. E. and R. Metpau, Beit. Silikose-Forsch., 
1949, no. 5. 


The authors describe in 27 pages the results of examining with the electron microscope the 
mineral residues from portions of the lungs of two Ruhr coal miners, and from a case in which 
talc dust was found in the lungs. Blood from a silicotic was also examined. The method of 
preparation of the lung sections, by treatment with hydrogen peroxide, centrifugation, washing, 
dialysis, and treatment with various reagents is described. The sample of blood was prepared 
by a modified method. 

The appearances of the mineral residues under the electron microscope are described and, 
with the aid of 31 electron photomicrographs at magnifications from 11,600 to 50,000 diameters, 
processes of disintegration in the noncoal particles are shown, whereas the coal particles are seen 
to retain an unbroken outline. Further, minute droplets were seen to be heaped up, apparently 
from destruction of silicates and not shown by the coal particles. These appearances, established 
here for the first time by electron microscopy, have not been observed in mineral particles which 
have not passed through the human body. From the appearances observed it follows, at least in 
the lungs of Ruhr coal miners, that quartz has disappeared, as well as other minerals, through a 
special kind of attack which shows itself in the form of minute droplets, and that new particles of 
silicic acid, as a rule in colloidal form, are found which appear to be derived from a solution. 


Thus it is proved that solution of particles takes place. It is highly probable that the silicic 
acid, as liquid colloid, perhaps also in molecular form, plays an essential part in bringing about 
silicosis. E. L. Mipteton [Butt. Hye.]. 


ROENTGENOLOGIC ASPECTS oF PuLMoNARY CHANGES CAUSED sy Ocner. R. Havusricn, 
Fotschr. Geb. Réntgenstrahlen 73:682 (Dec.) 1950. 


Numerically the pneumonoconiosis caused by the earth pigments (metallic oxides occurring 
in clay) are of minor significance, because the ocher industry, which processes these pigments, 
employs a limited number of workers. 
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However, previous reports on several small groups of patients indicate that the pneumono- 
coniosis caused by these pigments have certain characteristic aspects. 

After briefly discussing the minerologic aspects of these pigments and some earlier reports 
on the pulmonary lesions caused by them, Haubrich presents his own observations on eight 
patients with ocher-dust pneumonoconiosis. Five of the eight patients had the typical roentgeno- 
logic characteristics of pneumonoconiosis caused by ocher dust. The pulmonary markings are 
minute spots, or there may be a network of stippling. Among the various types of pneumono- 
conioses it resembles most closely that caused by iron dust, but the ocher-dust pneumonoconiosis 
develops much less rapidly than the iron-dust pneumonoconiosis. Only one case of ocher-dust 
pneumonoconiosis has been observed in which the pulmonary markings had advanced to the third, 
most advanced stage. This case concerned a worker who had been grinding ocher for 52 years. 


The author briefly discusses the roentgenologic and pathogenetic aspects of the four types 
of lesions which involve the deposition of iron in the lungs: those caused by ocher dust, iron 
ore, iron (siderosis of welders), and hemosiderosis (with chronic pulmonary congestion). 


INVESTIGATIONS ON THE ProsLEM oF Soot LUNG AND ON INjURIOUS EFFECTS OF PurE COAL 


Dust 1n THE Dust or Coat Mines. H. GARTNER and F. W. Brauss, Med. Welt 20:253 
(Feb. 24) 1951. 


Roentgenologic examinations of the lungs of the employees of a plant producing lampblack 
(soot) were undertaken in order to ascertain whether the inhalation of pure soot is likely to cause 
pulmonary changes. It was expected that this information would throw light also on the effect 
exerted on the lung by pure carbon. It was to be decided whether coal dust itself or only the 
quartz portion of the rock in mines would produce “lung-dust disease” in miners. 


Two types of soot were produced in the plant in question. Flame soot was produced by 
burning anthracene residue in special ovens; the soot which is formed collects in large chambers, 
deposits on the bottom and is removed by hand with wood scrapers. Gas soot develops during 
the combustion of vaporized anthracene oil which has been mixed with illuminating gas; the 
flames impinge on cooled drums, on which th< soot is deposited. In this case removal of the soot 
is mechanical. 


The inhalation of soot is especially great in the workers who remove the soot from the 
flame-soot chambers, also in the workers who produce the gas-soot and in those who pack the 
soot. Repair personnel also is exposed occasionally. 


Small-film roentgenograms were made for 334 workers, which included 180 workers directly 
exposed to soot. Those in whom the small films revealed positive or doubtful results were again 
examined by means of large films (350 x 350 mm.). 

Of 189 workers who were thoroughly investigated, 13 had fully developed and 18 incipient 
pulmonary changes; that is more than 16%. A number of additional workers with conditions 


suggesting disease who could not be reached for further studies bring the percentage to 
around 20%. 


The authors give data on the length of exposure and the appearance of the roentgenologic 
shadows. They also cite reports of several other investigators on the problem of soot lung. 
They conclude that the inhalation of soot may remain without harmful effects even after many 
years of exposure. In some of the workers roentgenologic changes appear in the lungs after 
many years of exposure, and in some of these indurations seem possible, but functional impair- 
ment is minimal and the workers are able to continue in their occupation, so that the term 
“dust-lung disease” is really not justified. Roentgenoscopy, although capable of detecting the 
shadows, does not permit a definite diagnosis. 


With regard to the harmfulness of pure carbon, the authors evaluate its effect in the form 
of soot, graphite, or coal dust, citing reports from the literatures on the lesions produced by 
these various forms of carbon. Discussing pneumonoconiosis in coal miners, they say that the 
difference in the lesions seen in the coal miners in South Wales and in the miners of the Ruhr 
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region is explained by the fact that the miners in the Ruhr region are exposed more to rock 
dusts, whereas in South Wales work in rock formations plays a much less important part. Thus 
in the Ruhr region the coal miners have a silicosis modified by coal dust, whereas in the mines 
of South Wales the coal-dust factor plays a more important part. 


REACTION oF QuaRTz AND Fatty SupsTANces IN Lunes. Luise Hovzapret and 
Peter FAHRNLAENDER, Naturwissenschaften 35:314, 1948. 


In continuing previous work model tests showed that interaction of quartz or asbestos and 
blood causes a preferred adsorption of lipoids, with splitting-up of the cholesterol ester component 
into cholesterol and fatty acid. This process is considered an essential feature of the silicosis 
mechanism. For the reaction it is not necessary to have colloidal silica, since any fresh silica 
surface is adequate; a fatty surface does not react. 


B. J. C. vAN per Hoeven [Cuem. Apsst.]. 


Course, DEVELOPMENT, AND PROGNOSIS OF SILICOSIS AND SILICOTUBERCULOSIS IN GERMAN 
Mrntnc Recions oN THE West Sipe oF THE Ruine. G. WortH and H. Dickmans, 
Tuberkulosearzt 4:495 (Sept.) 1950. 


Worth and Dickmans say that most statistical inquiries into silicosis in the German mining 
industry were carried out in mines on the east side of the Rhine. They report investigations 
carried out in seven mines on the left or west bank of the Rhine. Reviewing the records of 
1,072 miners who had been examined for silicosis, they found that the morbidity from this 
condition increases with the length of time the men have worked underground. A silicosis 
incidence of 30 per cent was found among those who had worked in the mines for from five to 
10 years. To be sure, these men had mostly the beginning form of silicosis. As the years of 
working underground increase, the incidence and the severity of silicosis increase. Among the 
men who have begun their underground work at 16 years of age and who have continued this 
work for from 26 to 30 years, that is, among the men between the ages of 42 and 46, 34 per cent 
have silicosis, and in nearly a third of them the silicosis is of moderate severity. In considering 
these figures it must be remembered that those with severe silicosis and even some of those 
with moderate silicosis have given up their underground work. 


Severe forms of silicosis are refractory to treatment. A total of 87 cases of this sort, which 
were uncomplicated by tuberculosis, were detected during the years from 1936 to 1940 in the 
mines investigated by the authors, and 25 additional cases of severe silicosis were complicated by 
tuberculosis. In the latter cases the prognosis is completely unfavorable. 


The authors explain why their statistics do not permit comparison with the greater statistics 
of the mines on the east bank of the Rhine, but on the whole they gained the impression that 
the incidence of silicosis is somewhat lower in their region. However, although in their region 
the rock formations are comparatively less dangerous, the silicosis morbidity is nevertheless 
considerable. They stress the importance of medical supervision of miners in order to detect 
the early stages of silicosis, which do not incapacitate the miner for other work, and this will 
make retraining for another occupation possible at an earlier age. 


Siricostis AND DisEASES wiTH AN X-Ray Picture Simicar to TuHat or Siticosis. E. 
Grausner, Pracovni Lékafstvi 2:249 (Dec.) 1950. 


The x-ray diagnosis of silicosis is often difficult due to the similarity of opacities occurring 
in other diseases. If pictures that on closer examination can easily be distinguished are excluded 
and dust exposure made a necessary condition, the following diseases give roentgenograms 
that may cause difficulties : 


1. Benign pneumoconiosis, which might be mistaken for the initial stages of silicosis. 
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2. The radiopaque pneumoconiosis, particularly barytosis and stannosis, as published in detail 
in the Czechoslovak literature. 

3. Siderosis of grinders and welders, in which confusion is possible only in the initial stages of 
silicosis. 

4. Pneumoconiosis of anthracite and steam-coal workers as described by the Cardiff Pneumo- 
coniosis Research Unit. In Czechoslovakia pure anthracite is not mined, but a coal similar to 
anthracite and steam coal. These mines carry a risk of silicosis and coal-dust pneumoconiosis. 
X-ray documentation gives indisputable evidence of the existence of malignant fibrosis. It is 
not yet possible to judge the relative parts played by silica and coal dust. 

5. Tuberculosis, causation of which is so difficult to determine; it may cause confusion in 
conditions of partial or generalized hematogenous dissemination. 


6. Cardial hyperemia, which may lead to lung markings that are difficult to distinguish from 


a definitive form of silicosis. This condition has been found in working miners and therefore is 
worthy of consideration. 

As a result of studies in the Ostrava region and the other places it became clear that it was 
necessary to introduce a definition and standards to overcome the confusion and ambiguity in 
diagnosis and classification. The generalized nodulation was taken as the standard and standard 
roentgenograms of every type and stage were used as an aid to classification. It was expected 


that modifications of the standards would be necessary in silicosis occurring in places other than 


mines. ADAPTATION OF ENGLISH SUMMARY. 


CausaL RELATION oF BRONCHITIS, EMPHYSEMA, AND PLEURISY TO StLicosis. F. JANDA, 
Pracovni Lékarstvi 2:261 (Dec.) 1950. 


Bronchitis, emphysema, and pleurisy are frequent findings in silicosis. When one is attempting 
to find a mutual relation between these diseases and silicosis, it is necessary to start from the 
effect of any dust on the upper respiratory passage and the lungs. Bronchitis is a normal 
accompaniment of silicosis, due both to the action of dust without consideration of its chemical 
composition and to the action of the complicating infection. The infectious bronchial poussées can 
make the silica deposited in the lungs demonstrable by x-rays. The lung emphysema belongs 
to the picture of more serious silicosis, a result of the involvement of the bronchi and of the 
fibrosis of lung tissue; in less serious cases it is reversible. Pleurisy, for the most part, is related 
to the associated tuberculous infection, but the dust cells themselves may get access to the sub- 
pleural spaces, with resulting local inflammation and subsequent adhesions. The problem may be 
solved practically both in placing workers in dust-producing trades and in compensation for 
silicosis as an occupational disease. If everybody working in dust-producing places is carefully 
watched from the time of his work placement to its discontinuation, there will be enough material 
at hand to clarify what is generally known as the human factor in silicosis. 


AuTHor’s SUMMARY. 


EvALuaATION OF SILICOSIS AND OF THE CoMPLICATING CONDITIONS. J. TEISINGER AND J. KozAx, 
Pracovni Lékarstvi 2:284 (Dec.) 1950. 


In assessing the degree of invalidity in silicosis one is often not able to comply with the legal 
requirements which require an exact determination of the clinicofunctional changes. The present 
methods of functional examination of the lungs are not satisfactory for practical use. 

It is stressed that the impairment of lung function is not the only decisive factor, others being 
equally important, such as the extent of the disease, the time and degree of exposure, the time 


which elapsed from exposure until the present stage of the disease was reached, the individual 
susceptibility, and the age of the patient. 
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An amendment, No. 27, of the supplement, No. 78, of the National Insurance Act is being 
suggested to the effect that the requirement of assessment of clinicofunctional changes be deleted. 


The following general basis for compensation is suggested: for simple silicosis, 20-45% ; for 
complicated silicosis and for inactive silicotuberculosis, 45-100%, and for active tuberculosis with 
silicosis, 75-100%. 

The assessment of diseases directly connected with silicosis or complicating silicosis is 
discussed. ADAPTATION OF ENGLISH SUMMARY. 


OccupaTIONAL TuMoRS OF THE URINARY BLappeR. ALF Owe-Larsson, Nord. hyg. tidskr., 
1950, no. 12, pp. 353-364. 


The writer gives a survey of vesical tumors caused by certain chemical agents particularly 
used in the manufacture of dyes. Different opinions concerning the pathogenesis and various 
etiological agents are discussed. There is convincing evidence that beta-naphthylamine is car- 
cinogenic. The question of a possible carcinogenic action of benzidine, alpha-naphthylamine, and 
aniline in man is still a subject of discussion among various authors, but it seems probable that 
at least benzidine may give rise to vesical tumors. Symptomatology and prophylactic measures 
are briefly outlined. An account of experimental vesical tumors is also given. 
Aniline is used only to a very limited extent in Swedish industry. No cases of occupational 
tumors of the bladder have been reported in Sweden. ” 
The importance for the rubber industry of using pure phenyl-beta-naphthylamine (i. e. not “ha, 
contaminated with beta-naphthylamine) is emphasized. 


SUMMARY. 


Industrial Toxicology 


LNDUSTRIAL TOXICOLOGICAL INVESTIGATION. Henry F. Smytu Jr., and Cuarves P. Carpenter, 
A. I. H. A. Quart. 11:195 (Dec.) 1950. 


The authors describe the organization, administration and facilities of the Chemical Hygiene 
Fellowship maintained by Mellon Institute and financed by Union Carbide & Carbon Corpo- 
ration. A primary purpose of the fellowship is the investigation of potential health or safety 
hazards associated with the production, shipping, and application of chemicals now used and 


particularly those in the stage of development. Ricagp Denwrs, Boston. 


Medicine and Surgery 


OccuPaATIONAL PARALYsIs OF ULNAR Nerve. J. G. Y. pe Jonc and J. G. Geertinc, Nederl. 
tijdschr. geneesk. 95:192 (Jan. 20) 1951. 


In a radio-tube factory eight inspectors (men as well as women) contracted paralysis of the 
ulnar nerve. The fact that these workers leaned both elbows against a hard table is regarded 
as largely responsible for this paralysis. However, other contributing factors were searched for. 
A thorough neurologic examination was combined with inquiry about the diet, the misuse of 
alcohol or tobacco, and a possible hereditary predisposition to neuritis. The scalenus syndrome 
was searched for; the musculature was tested electrically ; the cervical vertebrae were examined 
by roentgenoscopy in order to detect possible cervical ribs. The lungs and the lumbosacral 
vertebrae were also examined roentgenologically. 


The histories of the eight patients are reported. Treatment consisted largely of galvano- E 
therapy, administration of vitamins, and other measures deemed advisable. This treatment ~~ 
effected improvement, but in some cases mild hypesthesia remained. 

In order to prevent the development of this disorder, rubber sponge pads were placed under 
the elbows of the radio-tube inspectors. This produced the desired results. 
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Environmental Conditions 
No SMoKE From THESE Stacks. ANoNyMous, Nat. Safety News 63:34 (April) 1951. 


This short article describes the new high pressure boiler plant installed at the plant of the 
National Tube Co. in McKeesport, Pa. We were most interested in the measures taken for 
dust and smoke control of the boiler stack gases. 


The boilers ‘are fired with the gases from U. S. Steel’s four blast furnaces with pulverized 
coal used as an auxillary fuel. About 230,000 CFM of blast furnace gas are cleaned before 
firing by a spray washer (design not specified) followed with a Cottrell precipitator. The 
particulate concentration of the gas entering the precipitator is about 0.25 grains/CF and that 
of the gas leaving 0.01 grains/CF for an efficiency of 96%. The precipitated solid is flushed 
from the Cottrell, separated by filtration, and sent to the ore stock pile for recovery by sintering. 

When coal is used instead of blast furnace gas, flyash in the stack gases is removed by 
collectors of unspecified design. The rest of the paper describes boiler operations and auxiliary 


equipment. S. K. FrrepLanper, Boston. 


Determination of Air-Borne Contaminants 


Rapwp Quartz ANatysis By X-Ray Spectrometry. Kincstey Kay, A. I. H. A. Quart. 
11: 185 (Dec.) 1950. 


A method is described for the rapid determination of quartz with an x-ray Geiger counter 
spectrometer. According to the author, comparison of maxima of diffraction intensity contours 
traced by a potientiometer recorder for unknown samples and prepared standards affords an 
acceptable degree of accuracy and speed. Instrumentation techniques, use of internal standards, 
and effects of binder materials and particle size are discussed critically. Reported data indicate 


+ 10% accuracy for samples containing from 3 to 100% quartz. Ricuarp Dennis, Boston. 


Stack Gas CLEANING. MeEtvin W. Frrst, A. I. H. A. Quart. 11:206 (Dec.) 1950. 


The author reviews several methods of stack-gas cleaning applying to the removal of particu- 
late matter from stack effluents. Particle conditioning through spontaneous or induced agglomer- 
ation facilitates final collection. The operating principles of inertial separators, fiber filters, 
wet scrubbers, and electrostatic precipitators are discussed. Specific limitations and applications 


are pointed out for each collector type. Ricuasp Danwei. Boston 


Coip-SuRFACE COLLECTION OF VOLATILE ATMOSPHERIC CONTAMINANTS. R. D: CapLE, Myra 
Ratston, and P. L. Magri, Analyt. Chem. 28:475 (March) 1951. 


The analysis of contaminated atmospheres is often complicated by the low concentrations 
involved. However, cold surfaces can often be used to concentrate volatile materials. The 
sampling of volatile atmospheric contaminants by cold-trap techniques was studied in order to 
determine the efficiency of such methods and to develop improved equipment. Formaldehyde at 
concentrations in air of a fraction of a part per million was collected with about 80% efficiency 
at liquid nitrogen temperatures by using metal packing in the traps. Without packing only 50% 
efficiency was achieved. Similar results were obtained with low concentrations of benzene and 
sulfur dioxide. A convenient cold-trap system was developed, consisting of a dry ice-cooled coil 
followed by a liquid nitrogen-cooled metal-packed U-tube. The results of this work have been 


very helpful in studying the composition of smog in Los Angeles County and should be applicable 
to many air-pollution problems. 


AutHors’ SUMMARY. 
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DETERMINATION OF FLUORINE IN MONOFLUORINATED ORGANIC CoMPOUNDS IN AIR AND WATER. 
Jason M. Satssury, JAmMEs W. Core Jr., Lyte G. Overnorster, ALFRED R. ARMSTRONG, 
AND Joun H. Yor, Analyt. Chem. 23:603 (April) 1951. 


A procedure is presented for determing fluorine in any of four physiologically active mono- 
fluorinated organic compounds when the compound is present in low concentration in air or 
water. The compounds studied were sodium fluoroacetate, methylfluoroacetate, 2-fluoro- 
ethanol, and diisopropyl fluorophosphate. The absorption of the compound from the air is 
accomplished by scrubbing with a higher alcohol such as hexyl alcohol. This alcohol is also 
adapted to serve as the high temperature medium for converting the combined fluorine to fluoride, 
which is subsequently determined either by a modified thorium nitrate titration or by a colori- 
metric technique. In water, fluoride is formed by refluxing a mixture of potassium meta- 
periodate, silver perchlorate, and perchloric acid. A modified Willard-Winter separation is used 
before titration of fluoride. Fluorine may be quickly determined in quantities of the compounds 
down to 0.01 ppm in a 10-1. sample of air and down to 2 ppm in a 20-ml. sample of water. 
Diverse ions usually found in potable water do not interfere with the reaction. Factors influenc- 


ing the determinations are discussed. Aparration or Avrisons’ 


DETERMINATION OF QUARTZ IN PRESENCE oF SILICATES UsInc PHospHoric AcID. 
Tatvitie, Analyt. Chem. 23:623 (April) 1951. 


Present standards for the evaluation of the silicosis hazard involved in breathing dusty air 
call for determinations of the free silica content of dusts and dust-producing materials. A 
method is described for acomplishing these determinations when silicate minerals are present. 
The silicate minerals are dissolved by heating the sample of dust with phosphoric acid. After 
the phosphoric acid has been diluted with water, the residue of free silica is separated by 
filtration and weighed. A heating period of 12 to 20 min. suffices to dissolve most of the silicate 
minerals commonly present in industrial dusts. By this method one may rapidly determine quartz 
in a variety of rocks, ores, clays, and industrial dusts. It requires only the simplest of laboratory 
equipment for its execution. 


N. A. 


ADAPTATION OF AUTHOR’s SUMMARY. 


A Survey or Evecrrostatic Precipitation. E. A. WALKER and J. E. Cooripce, Heat., Piping 
& Air Conditioning 23:107 (March) 1951. 


This paper consists in the main of a review of the mechanism of electrostatic precipitation. 
Several of the theories proposed for the charging of particles are discussed briefly and compared. 
It is concluded that accurate values for the charge or for the migration velocity cannot be cal- 
culated from the present theory. 

The effect of relative humidity on precipitation current and cleaning efficiency for gypsum 
dust is illustrated graphically. The current curve passes through a minimum at about 30% 


relative humidity, while efficiency increases with humidity. An equation is offered for the 
relationship between efficiency and humidity. 


Perhaps the most interesting part of the paper is a discussion of removal by energized parallel 
plates without corona discharge. The particles acquired their charge by friction during dis- 
persion and while flowing through the entrance duct. For gypsum, the maximum rate of removal 


was reached with a field strength of 5,000 volts/cm. Suexvow K. Frrevcanpen, Boston. 


THEORY AND PRACTICE OF THE Foc Fitter Arr Scrupper. Duncan G. Hupson,. Heat. & Vent. 
48:57 (March) 1951. 


A scrubbing tower for dusts, fumes, and gases employing high-pressure (up to 600 psi) 
hydraulic fogging nozzles is described. The principle on which this device operates is in no 
way connected with filtration in the usual sense in which this term is employed. Inconsistencies 
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appear in the data tables which tend to cast some doubts on the author’s general conclusions. 
For example, (1) an efficiency of 87% on lead-smelter fume is claimed, but the data cited indicates 
that the efficiency is actually greater than 97%; (2) the sum of the components of the inlet 
loading are significantly greater than the stated total inlet load, while the reverse is true for 
effluent loading. 

Final evaluation of this unit must await a more detailed and convincing exposition as well as 
a more extensive program of controlled tests. M. W. First, Boston. 


A Venturi SCRUBBER FOR CLEANING INDUSTRIAL Gases. W. P. Jones, Heat. & Vent. 48:73 
(April) 1951. 

Apparatus is described and typical performance data are given for a variety of aerosols. The 
efficiency of the Venturi scrubber is only slightly decreased by operating the cyclonic scrubber 
with spray nozzles shut off. Typical results cited are; up to 99.6% removal of sulfuric acid mist, 
99% removal of open-hearth steel-furnace effluent, and 90% removal of sodium sulfate and 
carbonate fumes from the burning of concentrated black liquor in the kraft pulp process. 

Impingement of high velocity particles on the relatively stationary fluid and capture by diffu- 
sion, condensation, and electrostatic charge are all suggested as possible collection mechanisms. 


M. W. First, Boston. 


Evecrronic DETECTION OF VAPORS OF VOLATILE SOLVENTS IN PAINT AND VARNISH INDUSTRY. 
L. Barse, Ann. d’hyg. 28:300 (Nov.-Dec.) 1950. 


An electronic apparatus had been devised which functions automatically and contains a photo- 
electric cell. This apparatus functions at a current of 110 or 220 volts alternating, and it may 
be placed in a studio, office, or laboratory. The apparatus is standard, but may be adjusted to 
a determined product. 


The vapor detector may play an important part with respect to security and hygiene and in 
combating industrial accidents. 


Dust CoNTENT IN ENVIRONMENT OF WorK OF FOUNDRIES. 
med. 33:468 (Sept.) 1950. 


Graziani and Papa determined the density of the dust in the environment of the work of two 
foundries by use of the thermic precipitator. They found that all workers of the foundries are 
exposed to inhalation of dust from ore-earth, which is rich in silica. Siliceous sand of ore is 
another important source of dust for workers in the grinding department. Danger of inhalation 
of siliceous dust is greater in a steel foundry than in a cast-iron foundry. This fact is due to 
the higher temperature of fusion of steel, which causes vitrification of quartz and its greater 
subdivision. The number of particles of dust per cubic centimeter varied from 104 to 1,860 in 
the steel foundry, compared with 30 to 660 in the cast-iron foundry. Workers in the foundries 
reported on use a mask with filter; equipment for aspiration exists in some departments. Two 
years screening of the employees did not disclose, however, signs of silicosis. 


G. Grazrant and M. Papa, Folia 


SEPARATION OF Air-BorNE Dust AND PArTICLEs. 
za Higijenu Rada 1:393-426, 1950. 


This paper is a study of the physical theory underlying various methods of separating particles 
from gases. Emphasis is entirely on fundamental considerations which lead to formulas of value 
to those concerned with the design and engineering of separators. New theories of the cyclone 
and of fibrous filtration are put forward together with graphs and tables which enable them to 
be applied to practical problems without difficulty. 


(In Enoutsn.) C. N. Davies, Ahiv 


AutHor’s SUMMARY. 
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Ventilating, Air Conditioning and Engineering Control 


Controt oF HEALTH Hazarps ENCOUNTERED IN UNDERGROUND Metat Mines. Epwarp C. J. 
Ursan, A. I. H. A. Quart. 11:201 (Dec.) 1950. 


The author reviews a long-range survey of mining operations and associated health and safety 
hazards. Proper ventilation, defined by over-all air supply and its distribution, are stressed as 
an important means of reducing explosion, fire, and dust hazards. Comparative data show the 
effectiveness of dust-control programs. A minimum air supply of 500 cfim/man is suggested 
for underground mining operations. Air velocities of 30 fpm achieved by a minimum of 300 cfm 
fresh-supply air at the face of large drifts reduce dust concentrations to about 5.0 MPCF, 
provided that wet drilling and general wetting down are practiced. 


Ricuarp Dennis, Boston. 


THERMODYNAMICS OF MINE VENTILATION. G. VAN Esproeck, Colliery Engin. 27:68-72 (Feb.) 
1950. 


In this first article of a series the author deals critically with the results of pressure- 
temperature surveys of mine ventilation systems, and discusses how frictional and heat effects 
may be properly evaluated. 

One form of internal energy in a current is due to pressure forces, and to this the author 
gives the name “barergy.” He remarks that lovers of plain language [of whom the reviewer 
happens to be one] may call barergy “expansion work” or “expansion energy.” The barergy 
difference, 4 B, is identical with VAP when V is the specific volume in cubic feet per pound. 

The method adopted for calculating this barergy difference in a paper on observations of 
pressure and temperature in the City Deep No. 5 shaft is said to be improper, and but few of 
the recorded pressures are admitted as reliable. 

Values of pressure differences to 0.01 in. of mercury are not exact enough. Pressure differ- 
ences should be measured to 0.001 in., and if possible estimated yet more finely. 


Tuomas Beprorp Hye.]. 


APPLICATION OF Down-Drart ExHaust VENTILATION. E. D. SALLEE and R. B. Carter, Heat. 
& Vent. 48:61-64 (March) 1951. 


Exhaust slots on both long sides of tin-can-soldering machines were substituted for canopy 
hoods. Slot velocities were approximately 2,500 fpm; 1,200 cfm of air were required for control 
of tanks having an open top of 39 in. by 16 in. (99 by 40.5 cm.). This is about 20% greater air 
volume than was required for the canopy hoods. Control of fumes was satisfactory, and the 
side-exhaust slots permitted greater ease of machine supervision and maintenance than the old- 
type hoods. Lead concentrations at the operators’ breathing levels did not exceed 0.3 mg./10 cu.m. 


M. W. First, Boston. 


Controt or DustiNEss or AIR AT THE ENTRANCE OF A TUNNEL Egurprep “JumsBos” 
AND A MECHANICAL SHoveL AT Coat MINES or Limpourc-Meuse. P. Lepent and A. 
Hovuserecats, Inst. Hyg. Mines, Communication No. 76, Dust Control, July 27, 1950. 


The authors describe modern drilling and excavating operations and accompanying dust 
control measures at the Limbourg-Meuse coal mines. 

Wet drilling and wetting down of rock before removal keep dust concentrations within 
reasonable limits, according to the author. The use of fine water sprays is recommended as a 
means of reducing and localizing heavy dust concentrations following blasting rather than the 
present method of reversing the flow in the supply air system. 
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Representative dust concentrations as determined by a tyndalometer, a M.S.A. midget 
impinger, a gravimetric method (thimble), and a thermal precipitator are tabulated for drilling, 
evacuating, and blasting operations. Tentative carbon monoxide concentrations showing a 
maximum of 0.02% by volume 10 min. after blasting are reported. Illustrations of drilling 


equipment and operations diagrams are included. Ricnarp Dennis, Boston. 


Report or H. M. Cuter INspecror oF MINES UNDER THE Coat Mines Act, 1911, ror THE 
Year 1949, His Majesty’s Stationery Office, London, 1950. 


In 1949 the accident death rate in British mines was 0.25 per 100,000 man-shifts—the same as 
the record low figure for 1948. The rate for serious injuries (total, 2,180) was the lowest yet 
recorded, and it reflects a decline in accidents in all the major categories. Accidents due to falls 
of ground were reduced by 12 per cent, and those due to transport and haulage, by nearly 
25 per cent. 

In a reference to research on control and support of roofs it is mentioned that at one colliery 
improved roof control resulted in a reduction in the amount of air-borne dust. The emission of 
firedamp is also reduced by better roof control. 


Minor explosions killed four people and injured 42, but there were no major explosions 
during the year. The increased use of explosives in coal-getting has been accompanied by an 
increasing toll of accidents, many of which should not have occurred. Some alternatives to 
explosives are less dangerous, but even with these accidents have occurred. 

The principles of good practice in the contruction and maintenance of man-riding haulages 
are enunciated. 

Trials of fluorescent lighting at the coal face are described, as are also other illumination 
measurements. The standard of illumination below ground is still too low, and much improve- 
ment could be got cheaply. 

Much effort is being exerted to reduce dustiness, in the effort to prevent p ynoconiosis, 
which is still the worst medical problem of the mining industry. Beat knee is more frequent 
than it should be. During the year there were two fatal and three nonfatal cases of spirochetal 


jaundice. Tuomas Beprorp, London, England. 


Accidents and Their Prevention; Protective Equipment 


EFFecTIVENESS oF GAUZE RESPIRATOR FOR SULFURIC Mist. ABRAHAM WALLOCH, 
A. I. H. A. Quart. 11:215 (Dec.) 1950. 


The author reports that respirators of 28-to-30-mesh gauze are commonly used to protect 
against sulfuric acid mist in a zinc electrorefinery. An investigation by the author indicated that 
eight layers of gauze were sufficient to reduce the inspired-air concentration of acid mist to less 
than the maximum allowable concentration of 1 mg./cu. m. in atmospheres containing as high 
as 11 mg./cu. m. Less resistance and fewer dermatitis problems were observed with gauze masks 


than with the usual approved respirators. Recuaap Boston. 


Sutruric Actp Data Sueet D-Cuem. 49. Natrona Sarety Councit, Nat. Safety News 
63:39 (May) 1951. 


Properties and uses, hazards, and regulations for shipping, handling, and storage, protective 
equipment, and first aid are discussed. Reprints are available from the National Safety Council. 


Mary O. Amour, Boston. 
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Radioactive Substances and X-Ray 


Rapration Hazarps IN THE AToMIc ENercy ProcraM. Merrit E1senspaup, Indust. Med. & 
Surg. 20:7-11 (Jan.) 1951. 


The atomic energy industry can boast of an outstanding health and safety record in the face 
of the new and unusual nature of the hazards involved. The qualitative information that 
existed previous to 1943, about the major biological effects of ionizing radiation was of great 
value to the radiation protection program. Current broader and more intensive programs of 
research have already yielded considerable specific quantitative information. The recent down- 
ward revision of the maximum permissible exposure to 0.05 roentgen per day is an indication of 
the increased recognition of the health implications. 

The degree of protection is a function of the quantities and the nature of the radioactive 
materials used. At large production sites like Hanford and Oak Ridge complex equipment and 
procedures are required. In the average laboratory where radioisotopes such as phosphorus, 
sodium and iodine are used in limited quantities, only slight modifications of existing facilities 
and procedures afford adequate protection. Problems of disposal of radioactive wastes, including 
methods currently used or under study, are mentioned, as well as field and personnel monitoring 
instruments. 


The expanding industrial use of isotopes is exemplified by several applications. Increased 
industrial utilization of radioisotopes is visualized as trained technicians become more available. 
Industrial hygienists trained in techniques of safe handling of isotopes can be of great assistance 
in assuring the people of protection. A. T. Rossano, Boston. 


Raprotocicat HEeattH. Indust. Med. & Surg. 20:145-184 (April) 1951. 


The Inservice Training Course at the University of Michigan School of Public Health, Feb. 5 to 
8, p. 145. 

Historical Sketch of Radiation Protection Experience and Increasing Scope of Radiation Protec- 
tion Problems, K. Z. Morgan, p. 148. 

Growth in Peacetime Uses of Atomic Energy, Paul C. Aebersold, p. 157. 

What is Radiation? Henry J. Gomberg, p. 169. 

Sources of Radiation, William C. Parkinson, p. 175. 

Radiological Health Manual, p. 184. 


PRoBLEMS IN THE ESTABLISHMENT OF MAXIMUM PERMISSIBLE RADIATION Exposure LEVELS. 
J. N. Stanarp, United States Atomic Energy Commission, University of Rochester, 
AEC-135 (2 pages), December 1950. 

The report is reproduced here in its entirety: 

A considerable fraction of the cost of any nuclear energy installation results from measures 
necessary to protect the health of personnel. For the same reason, otherwise simple procedures 
are frequently rendered clumsy and difficult. Since absolute protection is impossible, maximum 
permissible levels and times of exposure must be established for situations ranging from the 
short acute emergency permitted, perhaps, in a military situation or an emergency repair oper- 
ation to lifetime exposure in a nuclear energy plant and its environs. The background for 
presently permitted levels will be reviewed with emphasis placed on the “safety factors” intro- 
duced at each step to cover gaps in our knowledge. The most extensive data, of course, stem 
from experience with x-rays and radium. For this reason there is a strong tendency to relate 
the effects of all other ionizing radiations to one or both of these. In some instances the 
comparison is valid; in others it is subject to considerable error. For example, the biological 
effectiveness of different types of radiation cannot be calculated from their relative ionizing 
powers and must be determined experimentally, for reasons which are not yeat clear. These 
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so-called “biological effectiveness ratios” may differ considerably for different physiological 
functions. With radioactive materials, differences in distribution and excretion do not seem to 
be adequately accounted for by comparing the toxicity of a given substance with that of radium. 
The greatest difficulty arises in the establishing of levels for chronic exposure. In general, 
even for x-rays and radium, actual long-term experiments with suitable test objects is the only 
satisfactory solution. Such experiments require 5, 10 or more years and ample financial support. 
Yet the need for working figures is pressing. Hence, there is a tendency to employ several 
methods of estimation by extrapolating from established facts. Discrepancies are then reconciled 
by choosing a “best” figure, sometimes as much by intuition as by logic. The importance to the 
nuclear engineer of an adequate knowledge of these biological problems is clear and is a strong 
stimulus to active collaboration between health specialists and engineers and physicists at all 


stages of design and operation. Nucusak Sc. Aner. 


PLATELET VALUES IN PERSONNEL ENGAGED IN ROENTGEN D1AGNostic WorK. Harry MOossBErc, 
Acta radiol. 34:186-192 (Sept.) 1950. - 


Among personnel occupied in roentgen diagnostic work the author has found a definite 
decrease in the platelet count in about one third of the cases. On account of these findings 
the author is of the opinion that the platelet count should be used as an intergral part of the 


routine blood control of personnel engaged in radiological work. Auraoi’s Sumaaav. 
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News and Comment 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter, March 22, 1951 


Tennessee held its first Industrial Health Conference at Nashville, Dec. 7 and 8, 1950. The 
meeting was sponsored by the Tennessee State Medical Association, the Tennessee Section of the 
American Industrial Hygiene Association, and the Tennessee Department of Public Health. 
As co-sponsors, The Tennessee Farm Bureau, the Tennessee Hospital Association, the 
Tennessee Manufacturers’ Association, the Congress of Industrial Organizations, the American 
Federation of Labor, and the Tennessee State Nurses’ Association joined in outlining the current 
views of state and national leaders on the advantages of a well-planned medical program in 
industry. 

Dr. Jean S. Felton, chairman of the Committee on Industrial Health of the Tennessee State 
Medical Association, was chairman of the two-day meeting. In the January, 1951, issue of the 
Tennessee State Medical Journal, he aptly summarized the highlights of the conference as 
follows : 

“All agencies expressed with sincerity the desire to see a better health status—a more fixed 
health economy—accrue to the worker in American industry. Differing opinions appeared, 
however, as to methodology, organizational pattern, and responsibility in developing a program. 
Free discussion allowed a transfer of ideas between labor and management, public health and 
industrial health, and private and organized medicine, so that privately held but heretofore 
publicly unexpressed beliefs came to light. 

“Several facts became evident during the conference. The sparse attendance bespoke a general 
lack of interest, and a lack of understanding of the goals of industrial medicine, by the medical 
practitioner outside the plant areas. It is the employed personnel in the manufacturing establish- 
ments, in the public utilities and services, and in the research organizations that comprise the 
patients appearing in the private consultation rooms. Yet, beyond a desultory notation of the 
sick person’s occupation on the clinical record, usually in a most general single word, little is 
known of the manner of living of that patient during his eight-hour day at work. 


“The problem of providing preventive medical services to the small plant is one recognized 
by organized labor and by medicine, but the answer still is forthcoming. The necessity for more 
extensive programs in human relations and mental hygiene has been emphasized, but the 
full or even partial participation of psychiatrists, industrial physicians, and personnel managers 
is yet to be witnessed. Unresolved situations of suspicion between management, the 
financial supporters of the medical programs, and labor, the recipients of the services, exist 
because both sides have been negligent—labor for not investigating and learning what does 
exist medically in many installations, and management for not effecting a total two-way 
communication through the channels of business organization. To the worker, health protection 
spells ‘Labor Department,’ while to the medical personnel the logical agency is the health 
department. 

“In spite of these widely divergent stands by various interested agencies, the conference 
learned that services are available through the American Medical Association, the National 
Association of Manufacturers, the United States Public Health Service, the American Association 
of Industrial Physicians and Surgeons, and the American Association of Industrial Nurses, all 
of which can aid in the design, establishment, and review of health service facilities at the scene 
of work. Consultation of all types and at all levels—national, state, county, and municipal— 
is readily obtained to bring to the industrial employee case-finding procedures, occupational- 
health-hazard-detection methods, and emergency-medical-care schemes that can make him a safer 
worker in a safer environment. 

“This first Tennessee meeting on industrial health, in spite of the eccentric behavior of the 
weather, did permit the answering of the question stated previously—Medicine in industry can 
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meet the needs of the American worker when the program is ‘soundly conceived and adequately 
executed.’ On this premise all who came to listen agreed. That this opinion will be shared 
by all whose professional activities will carry them sooner or later into the plants of America 


is our devout hope.” Sincerely yours, 


J. F. McCanan, M.D. 
Assistant Secretary. 


COUNCIL ON INDUSTRIAL HEALTH OF THE AMERICAN MEDICAL ASSOCIATION 
News Letter, May 25, 1951 
MEETING OF COUNCIL ON INDUSTRIAL HEALTH AND CHAIRMEN OF 
STATE COMMITTEES ON INDUSTRIAL HEALTH 
Atlanta Biltmore Hotel, Atlanta 
Feb. 25, 1951 


Attendance. 
Council on Industrial Health 
Members Staff 
Dr. Anthony J. Lanza, chairman Dr. C. M. Peterson, secretary 
Dr. Warren F. Draper Dr. J. F. McCahan, assistant secretary 
Dr. Lloyd E. Hamlin Dr. Raymond Hussey, scientific director 


Dr. Rutherford T. Johnstone 

Dr. Robert A. Kehoe 

Dr. Henry H. Kessler 

Dr. O. A. Sander 

Dr. William A. Sawyer 

Dr. Clarence D. Selby 

Brig. Gen. James S. Simmons 

Dr. Edward H. Carleton, ex officio 


State Committees on Industrial Health 


Connecticut ...... Dr. John N. Gallivan, chairman 
Dr. G. Frederick Oetjen, chairman 
Georgia ......... Dr. C. N. Wasden, chairman 
Dr. Edward H. Carleton 
Kentucky ........ Dr. Gradie R. Rowntree, chairman 
Louisiana ........ Dr. J. T. Scott, Jr. 

Michigan ........ Dr. Max R. Burnell, chairman 
Dr. Louis N. Jentgen 

Oklahoma ....... Dr. J. S. Chalmers, chairman 
Pennsylvania ..... Dr. Charles-Francis Long, chairman 
Rhode Island...... Dr. Stanley Sprague, chairman 
Tennessee ........ Dr. Jean S. Felton, chairman 
Wisconsin ....... Dr. D. E. Dorchester, chairman 


Dr. Lanza, chairman of the Council on Industrial Health, opened the meeting by requesting 
that each individual stand and introduce himself to the group. He then called for nominations 
for the appointment of a temporary chairman. Dr. D. E. Dorchester of Wisconsin was 
selected. 

Council Activities. 


This conference was the first of a continuing series of yearly meetings through which the 
Council on Industrial Health and the State Committees on Industrial Health may become better 
acquainted and thereby function more effectively as a team. The ultimate goal is the develop- 
ment of a program that will motivate and guide the development of industrial health service 
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and education at the community level. A draft of a guide for the use of state and county 
committees was presented which outlined a pattern of approach that can be used by these com- 
mittees in activating interest and action within medical societies, industry, labor, education, 
public health groups, and, in fact, the community at large. 

Dr. Peterson, secretary of the Council, briefly outlined the Council’s activities as falling 
within three major categories : 

1. Public Relations—Working with the various nonprofessional groups to establish and 
improve labor-management-medical relationships. : 

2. Professional Relations—Working with professional groups toward the goal of integrating 
the thinking and activities of the several disciplines whose major interest is in the field of 
industrial health and hygiene (i. e., physicians, nurses, industrial hygienists, engineers, chemists, 
and toxicologists). 

3. Special Committee Activities—Separate committees work to further the study and develop- 
ment of workmen’s compensation, education and scientific development, rehabilitation, and 
establishment of standards. As situations arise, other committees are activated to study specific 
problems or to develop programs. 

Committee Activities. 


The representative from each state in attendance was called upon to outline his committee’s 
plan of organization, activities, and problems. The free and lively discussion which followed 
resulted in the exchange of much valuable information. Every one carried away new concepts 
and approaches that his committee could utilize in future planning. Following is a summary 
of the pertinent thoughts and ideas that developed at the conference: 

State and County Committee Organization 


1. Objectives and procedures : 


a. The state committee should submit its stated objectives and procedures to the House 
of Delegates of the State Medical Society for their endorsement. Then the committee 
speaks for the State Medical Society and has real power and influence. 


b. Each county-medical-society council should also receive a list of the state committee’s 
objectives and procedures. 


2. Establishment of county committees : 


a. Members of the state committee make requests to appear before the governing body of 
the county society to inform them of the need for and the value of a county committee 
on industrial health. In areas where the approach has been used the state representative 
has been enthusiastically received and the results have been gratifying. 

b. The county society chairmen should be members of the executive board or board of 
trustees of the county society. 

c. Make the county committee chairmen members of the state committee which ties the 


various groups in and gives chance for closer working contacts between the state and 
county committees. 


. Education : 


a. Industrial health conferences—may be an evening meeting or a one-or-two-day session. 
Various combinations of the following organizations can act as co-sponsors: state 
medical association, state or local department of health, medical and public health 
schools, industrial nursing organizations, state association of industrial physicians, 
management councils, chamber of commerce, labor organizations, and industrial hygiene 
association. 

b. Sponsor the introduction of industrial medical subjects into the curriculums of the 
medical schools on an undergraduate and graduate level. 

c. Work with industry in the development of plant tours in which the medical society 
members go through the plant and have lunch or dinner at the plant, followed by a 

short scientific program embracing subjects relative to industrial medical practice. 

Similarly planned tours can be arranged for medical students. 
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d. Work with program committees of the state and county medical societies in arranging 
for the introduction of subjects and papers on industrial medicine. 

e. Subcommittee on research—to keep track of research projects in progress throughout 
the state. 

f. Develop speakers’ bureau so that qualified and willing volunteers will be available to 
talk on various general and special subjects relative to industrial medicine. 

g. Work with the Academy of General Practice on national, state, and local levels toward 
the development of an educational program that will bring an awareness of the basic 
essentials of industrial medical practice to its membership. 

h. Development of clinics on various subjects—e. g., on evaluation of permanent and partial 
disability: Members of the meeting rate the hypothetical cases, and notes are compared. 
Wide variations may be found. Possibly a standard rating schedule can be developed 
and accepted by the medical society. 
Regional meetings of one-day duration, to which only those are invited who are known 
to have an interest in industrial medicine. Such topics as the migrant worker and his 
problems of tuberculosis, syphilis, obstetrical care, child welfare, sanitation, and nutrition 
can be discussed, or possibly some currently popular subjects, such as manpower conser- 
vation or civil defense. It is important to “go outside” for speakers and don’t repeat the 
subject matter. Funds for this type of meeting can be obtained from public health 
departments, medical societies, industrial and agricultural organizations. 

. Conduct training courses for nurses interested in industrial nursing. 

k. Publish a bulletin for industry giving information regarding the purposes and advantages 
of a well-developed industrial health service. 

1. Work with state and local health councils and interest them in industrial health and 
hygiene problems in the area. A survey of existing industrial health services now 
available and of what they consist in a particular community or area would be a valuable 
project. 


. Standards : 


a. Require that a physician serving industry be a member of his county medical society. 

b. Encourage reporting of industrial diseases. 

c. Meet problems of adequate medical supervision of the industrial nurse by developing 
guiding principles for medical service in industry which can act as a guide for industry, 
nurse, and doctor. Clarify the use and abuse of “standing orders” as they relate to the 
ethics of nursing and medical practice. Appoint an industrial nurse to the state or the 
county committee as a consultant to advise in this and other problems involving the 
nursing profession. 

d. Develop list of qualified physicians who are interested in industrial practice. 

e. Consider the problem of remuneration for industrial physicians. 


. Workmen’s Compensation : 


a. Develop program for education of physicians regarding the state workmen’s compensa- 
tion law and their responsibilities to these laws and regulations. 

b. Foster better working relations and understanding between physicians, lawyers, and 
industrial commissions. 


6. Legislation : 


a. Appoint a subcommittee on legislation to act as a “watchdog” for trends in legislative 
thought and action. 


7. Labor: 


a. Recognize the fact that labor is desirous of seeing industrial services improve and 
expand, and get busy in this direction. It is important to note that in certain areas 
labor is already developing its own health and diagnostic services. 
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b. Appoint a subcommittee to meet regularly with the heads of the union committees in 
charge of health programs. 
8. Improvement of Communications Between Council and Committees: 

a. State committee should submit copy of their annual report to the Council. 

b. State committee should give interim reports of their activities to the Council. 


c. The Council Newsletter should act as a clearing house for committee activities that 
have national interest or application. 


9. Plans for Future Meetings : 


a. An annual joint meeting of the Council and the chairmen of the state committees on 
industrial health is to be held on the afternoon of the day preceding the Congress on 
Industrial Health. 


b. Each year at the close of the joint session, a chairman is to be elected by the group for 
the ensuing year. He will meet with the Council at its regular fall meeting and will 
assist the Council staff in the development of a program for the next annual joint meet- 
ing. Dr. Charles-Francis Long, medical director, Bayuk Cigar Company, Philadelphia, 
and chairman of the Commission on Industrial Health and Hygiene of the Medical 
Society of Pennsylvania was elected to the chair for the coming year. 

It was unanimously agreed that the conference was a stimulating and constructive exercise 
which warranted yearly repetition. This meeting has the potential of becoming a real clinical 
session in the diagnosis, treatment and prognosis of industrial health committee development, so “i 
it is hoped that many more state committee chairmen will participate in our next meeting, which co 
will be held in Pittsburgh, the latter part of January, 1952. 


DEATH OF DR. JOHN J. WITTMER 


Dr. John J. Wittmer, nationally known for his medical benefits program for employees, died 
May 19 of a heart attack. Through his efforts the Consolidated Edison Company of New York, 
Inc., of which he was a vice president, became one of the first companies in the nation to recog- 
nize alcoholism as a basis for retirement through disability. On April 21 of this year Yale 
University Center of Alcohol Studies chose Dr. Wittmer as chairman of a national advisory 
council representing leading corporations. At the request of the late Mayor Fiorello H. 
LaGuardia, Dr. Wittmer established a health-insurance plan for New York City employees and 
their families which has been adopted by many other groups. Dr. Wittmer also became a member 
of Mayor Vincent R. Impellitteri’s advisory committee on Puerto Rican affairs. He was a past 
president and a director of the American Association of Industrial Physicians and Surgeons and 
of the Association for the Advancement of Industrial Medicine and Surgery. He was a director 
of the Health Advisory Council of the United States Chamber of Commerce and of the Visiting 
Nurse Service of New York. 


— 


Book Reviews 


Industrial Ventilation: A Manual of Recommended Practice. American Conference of 
Governmental Industrial Hygienists, Committee on Industrial Ventilation, January 1951. 
Pp. 162, with 55 illustrations. Price $3.00. Available from K. M. Morse, chairman, IIlinois 
State Health Department, Chicago. 


This manual will be of immediate interest to industrial hygiene personnel, as it represents 
the most recent compilation of hood and industrial exhaust system design. The manual is in 
loose leaf form and can and will be readily revised. It contains 11 sections covering general 
principles, dilution, comfort ventilation, hood and duct design, construction specifications, 
fans and air-cleaning devices. 

It is intended that this manual should not be a code but rather a source of information. 
There are several errors, which will probably be remedied in future revisions. The reviewer 
believes that the A.S.A. classification for dusts, fumes and mists should have been used with 
particle size limitations stated. On page 4-1 there is an error in DallaValles’ formula, since 
the flanged equation coefficient is included, and it should be unity instead of 0.75. On page 
4-3 the canopy equation stated has recently been shown to have definite limitations. The material 
on air-cleaning and gas-cleaning devices is limited and should be expanded in future editions. 

An over-all appraisal of this manual indicates that it will receive wide acceptance by industrial 
hygiene and ventilation engineers. The manual points out where information is weak or lacking 
and will serve to stimulate interest in rectifying these deficiencies. 

Lestie SILVERMAN. 
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BELIEVE IN 
YOURSELF! 


Doctor, you probably have read a great deal of cigarette 
advertising with all sorts of claims. 


So we suggest: make this simple test... 


Take a Pattie Morris—and any 
other cigarette. Then, 


Light up either one. Take a puff 
o —don’t inhale — and s-l-o-w-l-y 
let the smoke come through your nose. 


Now do exactly the same 
o thing with the other cigarette. 


Then, Doctor, BELIEVE IN YOURSELF! 


PHILIP MORRIS 


Philip Morris & Co. Ltd., Ine. 
100 Park Avenue, New York 17, N. Y. 
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Doctor ere is a protective skin creme now accepted 


by the Committee on Cosmetics of the AMERICAN MEDICAL 
ASSOCIATION— 


CASIL PROTECTIVE SKIN CREME 


It is quick and easy to apply. The Protective film guards the skin and 
it washes off in water. No dirt—pigments—or paints can touch the 
skin when CASIL PROTECTIVE SKIN CREME is applied properly. 
Less than .5 of 1% free alkali. 


Thirty days or monthly buying suggested. Price $8.50 per case of 
4—5 # cans. F.O.B. Chicago. 


Send order to: P.O. Box 208, Evanston, Illinois, or telephone UN 4-7339 
(exchange is University). 


THE DERMO COMPANY | 


Here are several booklets on mental 
hygiene that may prove of interest and 
use to you and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY. T. 
R. Retlaw. 8 pages. 15 cents. 


MEETING EMOTIONAL DEPRESSION. Franz Alex- 


i ander. 16 pages. 15 cents. 

i} REPORT OF A.M.A. COMMITTEE ON MENTAL 

| HEALTH. 48 pages. 15 cents. 

i} MESMERISM MINUS MESMER. Stefan Zweig. A 
pages. 5 cents. 


discussion of hypnotism. 5 


POWDERED SOAP | NERVOUSNESS. Isidore Margaretten. 4 pages. 5 


cents. 


THE TYRANNY OF NERVES. Eoline Church Dubois. 
3 pages. 5 cents. 


SHOCK THERAPY SAVES MINDS. Harold Shryock. 
5 pages. 5 cents. 


Keep a supply of these booklets on hand. 


Available at lower cost for quantity 
purchases. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Ilinois 


LIGHTFOOT SCHULTZ CO., 663—Sth AVE., NEW YORK 22 
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an amine 


better to tame asthma 


Asthmatics can now have the desired 
relief of such sympathomimetic amines 
as epinephrine and ephedrine but with 
minimal vasopressor risks and minimal 
psychomotor discomfort. 


Upjohn researchers have, by molecular 
modification, tamed an amine better to 
tame asthma and have created orally 
effective Orthoxine Hydrochloride. 


For remarkably selective 
bronchodilation 


Orthoxine’ 


HYDROCHLORIDE 


for adults: 14 to 1 tablet (50 to 100 mg.) 
for children: half the dose 
for both: repeat q. 3 to 4 h. as required 


* Trademark, Reg. U. S. Pat. Off. Brand of methoxyphenamine 


for Medicine... Produced with care... Designed tor health 


THE UPJOHN COMPANY, KALAMAZOO, MICHIGAN 
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Parenteral administration of Luminal Sodium promptly tones down nervous sys- 
tem excitement. Whether manifested as convulsions, psychic agitation, or perni- 
cious vomiting, nervous overactivity is controlled profoundly and for prolonged 
periods with Luminal Sodium in adult doses of from 2 to 5 grains. 


LUMINAL SODIUM is supplied in... 

Hypodermic tablets of 65 mg. (1 grain), bottles of 50 and 500, for subcuta- 

: neous or intramuscular injection; 

Powder, ampuls of 0.13 Gm. and 0.32 Gm. (2 grains and 5 grains), boxes of 
5, 25 and 100, for subcutaneous, intramuscular and (exceptionally) 
intravenous injection; 

Solution in propylene glycol, ampuls of 2 cc. (0.32 Gm. «5 grains), boxes of 
5 and 100, for intramuscular injection only, 


New Serrated ampuls. The constricted neck of Luminal Sodium powder 
A ampuls is serrated for easy and clean opening. In making the file cut 
only moderate pressure is required. 


LUMINAL’ sovium 
The Paneer Beand yf 


BACKED BY MORE THAN 30 YEARS OF EXPERIENCE 


Luminal, trademark reg. U. S. & Canada Wee 
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